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OBITUARY NOTICE. 
THOMAS BARLOW WOOD (1869-1929). 


THomas Bartow Woop, Professor of Agriculture in the University of 
Cambridge, was born the son of a farmer in 1869 at Field Dalling, Holt, 
Norfolk: he was educated at the Newcastle High School, Staffordshire and at 
Caius College, Cambridge, where he took chemistry as his main subject. 
University Extension work was then very much to the fore and, like other 
promising graduates of the time, he thought of it as a good start for a career. 
After taking the Tripos he accordingly attended in July, 1891, the newly 
established short course in agricultural chemistry held by Henry Robinson, 
assistant to Prof. Liveing, the first instruction in agricultural science ever given 
in Cambridge. 

He was then sent to Devon by the University Extension Syndicate to 
lecture on Soils and Manures, but he left at the end of the year to return in 
January 1892 to Norfolk, where he occupied substantially the position of a 
modern county organiser. He taught science in the County School during the 
week, taught elementary teachers on Saturdays, lectured to farmers at the 
various country towns during winter, and conducted field experiments for the 
Norfolk Chamber of Agriculture during the rest of his time. It was a hard 
apprenticeship, but it gave him a knowledge of farming and an insight into the 
farmer’s character which stood him in good stead throughout his life. Two 
years he remained here: then in January 1894 he returned to Cambridge at the 
request of Prof. Liveing to take the place of Robinson who had recently died. 
Agricultural chemistry was just gaining recognition and it is greatly to Liveing’s 
credit that he was one of the first to see its importance. Wood’s duties included 
lectures and demonstrations to students and field demonstrations to farmers; 
he also found time for research work on Indian hemp and cannabinol, done in 
part with the ill-fated Spivey who was burnt to death through the breaking 
of a flask containing carbon disulphide. But the funds were precarious and the 
whole scheme might have collapsed had not Marshall Ward and Austin Keen, 
Education Secretary of the Cambridge County Council, vigorously supported 
it. Ten neighbouring counties were induced to contribute, but at a price. Wood 
had to conduct experiments in all of them and his life was a strenuous round of 
lecturing and demonstrating in the mornings, visits to farms in the afternoons 
—often prolonged so that he returned too late for Hall—and then close atten- 
tion to correspondence in the evenings. He bore the burden cheerfully, and 
recognition came in the form of more funds: finally in 1899 the Drapers’ 
Company endowed the Chair of Agriculture. 

It was a disappointment to Wood that he was not elected Professor but 
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2 OBITUARY NOTICE 
was given only a Lectureship. The idea was then held that a Professor of 
Agriculture should not be a trained scientific investigator but a technical man, 
and both the first and second holders of the Chair were chosen on these grounds. 
Wood, however, gave them ungrudging and loyal support throughout the 
seven years of their tenure of office; he never let his personal feelings 
count. In 1907, the Chair being again vacant, Wood was appointed Professor 
and from that time both he and the School of Agriculture developed at an 
amazing rate. The beautiful and effective building was completed (the 
scheme had been well started by T. H. Middleton), a second Professorship and 
several Lectureships and Readerships were set up, the farm was put on a sound 
basis, and the educational arrangements were completely overhauled and very 
much strengthened. Holidays snatched from work were spent on his father’s 
farm at Holt, which he afterwards took over and ran himself. Close contact 
was kept with farmers and recognised agricultural organisations. All the time, 
year in and year out, amidst all this strenuous labour, there was kept going in 
an atmosphere of peace and quietness a steady development of research work, 
beginning in a small way, but growing constantly until now the Cambridge 
School is one of the great centres of agricultural research in the world. 

The work had developed gradually but continuously, and Wood took on 
first one and then another activity till finally the load was more than any one 
man could bear. There were some uncomfortable warnings, and his friends had 
been anxious about his health for several years past, but he continued bravely 
with his work till a few months before he died. 

Wood has two great claims to be remembered. 

As a teacher he was admirable, stimulating and vigorous, especially in 
conversation with his pupils. He had a quick and sympathetic eye for a student’s 
difficulty, a ready flow of racy English—for much of which he was indebted, 
as he once told me, to the classical master at school with whom he read Horace 
—and an abounding kindliness and genial hospitality. His colleagues and 
students all knew they could count upon his help whenever it was needed. 
His students are now found all over the world occupying some of the most 
important positions in agriculture. . 

As a research worker he began with soils and crop production, the natural 
way into the subject, but soon turned over to animal nutrition, always an 
important matter to the Norfolk farmer, who spends large sums of money in 
growing and buying food-stuffs for the farm animals. His first important papers 
were on the composition of the mangold crops and on the causes of the strength 
of wheat, which opened the way to much subsequent work on gluten. When 
after the war he settled down to work in the new buildings he organised in- 
vestigations on the digestibility of various crops, including oat and tare silage 
and grass (this latter being studied by H. E. Woodman), and he encouraged 
Capstick to build the calorimeter by use of which he carried out important 
studies of the energy changes in the growing pig. Finally, in 1928, he sum- 
marised his long experience in a paper that bids fair to become classical: “The 
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scientific basis of rationing animals'.” Starting with the equation he had already 
established: 
R= Am + ge 

where F is the ration per unit time in terms of net energy?, either calories or 
Ib. of starch equivalent: 

A = surface area of the animal: 

m = maintenance requirement per square metre per unit time: 

' g = live weight increase in lb. per unit time: 
ce = calories or lb. of starch equivalent required to give 1 lb. increase in 
live weight: 

he showed how this could be used for the rationing of fatting sheep and the 
production of milk. He had long tried, but without success, to apply it to the 
production of work: unhappily he was never to finish this problem: the diffi- 
culty is to measure the quantity of movement of the animal. 

These lines of research were vigorously taken up by an enthusiastic band 
of workers who it is hoped will continue to develop the subject. Just as the 
School of Agriculture is the most fitting visible memorial to Wood, so the 
tradition he created of research in animal nutrition seems likely to remain as 
his most enduring scientific memorial. 

E. J. RUSSELL. 


1 J. Agric. Sci. (1928), 18, 486, jointly with J. W. Capstick. 
2 Net energy is the energy an animal can use for physiological purposes, 7.e. the energy left 
after deducting whatever is necessary for the digestion of the food. 














I. THE SELECTIVE FERMENTATION OF 
GLUCOSE AND FRUCTOSE BY 
BREWER’S YEAST. 


By H. IVEKOVICH. 
From the Institute of Hygiene and School of Public Health, Zagreb, Yugoslavia. 


(Received November 26th, 1929.) 


Hopkins [1928] has published a paper concerning the selective fermentation 
of a mixture containing equal quantities of glucose and fructose. This paper 
gives valuable information on the fermentation phenomena of solutions con- 
taining those two sugars. In the present note we shall deal only with that part 
of this interesting paper, which treats of the ratio of the fermentation rates of 
the two sugars present. 
The ratio of the two specific rates was calculated by Hopkins by means 
of the formula: 
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where a, is the initial concentration of glucose, a; the initial concentration 
of fructose, (a, — z,) the concentration of glucose at time ¢, (a;— ay) the 
concentration of fructose at time ¢. 

The constant K which, as it appears from this formula, is the quotient of 
k, and k,, i.e. of the constants of the fermentation reactions of glucose and 
fructose, assuming that they are monomolecular reactions, varies from 1-68 to 
1-88, its mean value being 1-78. The value of this constant does not appear to 
vary much beyond the limits of experimental errors. 

It is interesting to note that we have found the same value for this constant 
by an entirely different way, which we described in a paper [1927] which 
has escaped the attention of Hopkins. Studying the influence of animal 
charcoal on fermentation by yeast and the application of charcoal in the 
polarimetric analysis of fermented solutions of sugars we observed the fact that 
the (negative) rotation of a solution containing equal quantities of glucose and 
fructose increases up to a maximum, and decreases continually beyond that 
maximum. 

This maximum of laevo-rotation is a very important point, as it throws some 
light upon the ratio of the disappearance rates of the two sugars from the solu- 
tion. At the moment of the maximum rotation the ratio of the fermentation 
rates of the two sugars is given by the ratio of their specific rotations, 7.e. by 
the quotient 93-0/52-5 = 1-78. 
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For each 1-78 mol. of glucose, 1 mol. of fructose disappears. In fact, if 
the glucose fermented at a faster rate than is given by this ratio, the rotation 
could not decrease after that moment of maximum; if, on the other hand, it 
fermented at a slower rate, it could not possibly increase before that moment, 
as the observed rotation is but the sum of the negative and positive rotations 
of the fructose and the glucose respectively in the solution. 

In the paper quoted we stressed the fact that the ratio of the disappearing 
sugars in the solution was | : 1-78, 2.e. this figure gives the ratio of fermentation 
rates of sugars at the moment at which the curve reaches its maximum. The 
fact that this figure coincides to the second decimal with Hopkins’s mean value 
of the constant K must be regarded as accidental. 

The constants k, and k, of the fermentation reactions are the quotients of 
the reaction rates and the quantity of substance left in the solution at the time 
t. The constant K is in consequence 

K = "e — ol — 1-78, 
ky ely 
where c, and c; are the fermentation rates of glucose and fructose respectively, 
and q, and q,; the respective quantities of glucose and fructose left in the 
solution at the time ¢. 

If q, = q;, .e. if we have a solution of equal quantities of glucose and 

fructose, K will be 
K= : 1-78, 
2.e. glucose will ferment 1-78 times faster than fructose. 

By means of this formula, the ratio of the fermentation rates of glucose 
and fructose may be calculated for any concentration of the two sugars. The 
figure 1-78, which we found as quotient of the specific deviations of fructose 
and glucose, is but the extreme case of Hopkins’s general formulation. 

For a solution containing glucose and fructose in proportion of 1-78: 1 the 
ratio of the rates of fermentation, all other things being equal, will be 3-1: 1, 
as or = 1-78, where c,; = 1. 

Of course, this is true only for the conditions under which Hopkins’s 


equation K = at = 1-78 also holds. 
my 
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II. THE CHEMICAL INVESTIGATION 
OF “BIOS.” 


PART I. 


By BINDIGANAVALE TIRUMALACHAR NARAYANAN. 


From the Department of Physiology and Biochemistry, 
University College, London. 


(Received November 27th, 1929.) 


INTRODUCTION. 
Few scientific papers have given rise to more controversy than that in which 
Wildiers [1901] described “bios.” After nearly thirty years of investigation, 
a review of the literature provides little or no satisfactory evidence of the 
essential nature of “bios” and only a series of widely conflicting statements 
regarding its chemical nature and properties. 

Quite recently, Miss Copping [1929] has carried out in these laboratories 
a re-investigation of the fundamentally important question whether or not 
“bios” is necessary for the growth of yeasts in artificial sugar-salt media and has 
confirmed the observation that yeasts differ in this respect. Some species are 
able to reproduce indefinitely in artificial media, whilst others are unable to 
grow unless a factor resembling that originally described by Wildiers is 
supplied. Saccharomyces cerevisiae, the yeast most frequently employed in 
investigations on “bios,” is definitely in the second class. 

It next became of interest to re-examine the chemical nature of this sub- 
stance, particularly in view of the claims that have been made regarding its 
isolation. The investigation reported in this paper concerns two main points, 
namely, the relation, if any, between “bios” and vitamin B, and the actual 
chemical nature of “bios” itself. 

With regard to the first question, it will be recalled that Funk and Dubin 
[1921] were the first to suggest that the substance stimulating the growth of 
yeast also played an important part in the nutrition of animals. For a time 
active discussion took place over the possible identity of “bios” with vitamin B 
[see review of literature by Kruse and McCollum, 1929], with the result that 
they were finally regarded as distinct. The discussion has been revived, how- 
ever, quite recently in the light of the discovery that the so-called vitamin B is 
a complex of at least two substances, of which one bears a superficial resem- 
blance to “bios” in being stable to heat and alkali. 

Regarding the nature and properties of “bios,” there is, in the first place, 
the original description by Wildiers, who stated that it is an organic substance, 
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soluble in water and 80 % alcohol, stable to heat and acid, not precipitated by 
neutral or basic lead acetate, phosphotungstic acid, phosphomolybdic acid, or 
by silver nitrate in acid solution or in the presence of ammonia. Most of these 
statements were supported by Devloo [1906], who added the view that the 
active substance is related to choline and possibly associated with choline in 
nature. 

Both Wildiers [1901] and Funk and Dubin [1920] tested a series of purines 
and pyrimidines, but failed to find that any of them would replace “bios.” 
The work of Frankel and Schwarz [1920] and of Suzuki et al. [1923, 1925] 
tended to strengthen both the growing opinion that “bios” was a nitrogenous 
base, and the view that it is related to choline, although Frankel and Scharf 
[1921] actually found that choline itself inhibits yeast growth. 

On more than one occasion the study of the chemical nature of “bios” has 
been complicated by the suggestion that it is not a single substance [Fulmer, 
Duecker and Nelson, 1924]; a view which recently seemed to be established 
by the reported isolation of the constituents of “bios” by Miller [1924], of 
which one appears to have been identified as inositol [Eastcott, 1928]. 

One difficulty in accepting the idea of a complex “bios” was to reconcile 
it with the alleged activity of a single substance isolated by Eddy, Kerr and 
Williams [1924, 1926]. 

The “bios” of this group of investigators was described as a crystalline 
nitrogenous base, M.P. 223°, not showing the reactions of a primary amine, 
not precipitated by phosphotungstic acid [cf. Williamset al., 1927], but 
yielding a crystalline benzenesulphonamide. On slender evidence it was 
believed to be related to proline. Particularly striking was their claim that 
whereas the benzenesulphonamide was inactive, the regenerated base showed 
an activity equal to that of the original “bios.” Eddy and his collaborators 
also described the isolation of a second “bios” (8), apparently also a nitro- 
genous base, but this has not been obtained in a pure condition. 

Furthermore, Kerr [1928] has recently announced the separation of-another 
“bios” (also called £), a very hygroscopic nitrogenous base. It is claimed that 
this “bios” is also capable of acting by itself. 

Further discussions of these claims would, therefore, appear to be more 
conveniently held over until the results of this investigation have been 
described. 


EXPERIMENTAL. 


Technique. 


Throughout this investigation a strain of Saccharomyces cerevisiae (Chap- 
man) No. 2190, National Collection of Type Cultures, was employed. It was 
maintained by regular subculturing on wort-agar slopes; cultures of 24~30 
hours’ growth being employed for “bios” experiments. 

As an artificial medium for the “bios” tests, that described by Reader 
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[1927] was employed. Copping [1929] has shown that this medium is satis- 
factory for the purpose. “Bios” tests were always made by inoculating 25 cc. 
of sterile Reader’s medium in 100 cc. Erlenmeyer flasks with a suspension of 
yeast in the medium, so that the original count? in the flask was of the order 
of 0-01, i.e. 2500 cells per cc. To certain of the flasks the sterile fractions to be 
tested were added, care being taken that the volume was not altered by more 
than 2%. If there was likelihood of greater dilution, Reader’s medium was 
employed to dissolve the substance to be tested. 

All cultures were maintained at 22°. The growth was measured by cell 
counts made at intervals with the Thoma haemocytometer; all 400 small 
squares being counted in order to reduce the error. Growth was assumed to 
have occurred when there was multiplication of at least a hundredfold 24 hours 
after incubation, and when there was visible growth after 48 hours. The 
activity of the substance was measured as the least amount which produced 
this order of growth. 

In that part of the investigation concerned with the relation of “bios” to 
vitamin B,, fractions were examined for the latter factor. The technique of 
this test is described more fully elsewhere [Narayanan and Drummond, 1930]. 

sriefly, it consisted in observing whether the growth of young rats fed on a 
basal diet adequate in all respects other than a deficiency of vitamin B, was 
stimulated by administering the fraction. 


Examination of known substances for “bios” activity. 


As part of the investigation, it was thought to be worth while to examine 
a number of substances of known composition, that might, for one reason or 
another, be suspected of serving as “bios.” 

(a) Nucleic acid and related substances. In view of the work of Wildiers, 
and also of Funk and Dubin, referred to earlier, the action of yeast nucleic 
acid was investigated, but no stimulation of growth was observed following the 
addition of 0-01-0-1 mg. for each cc. of Reader’s medium. Tests with 
the same concentration of guanine as hydrochloride, adenine as sulphate, and 
uracil also gave negative results; the very slight stimulation of yeast growth 
with the highest doses of guanine can probably be disregarded. These observa- 
tions are in agreement with those of Wildiers. 

(b) Substances possibly related to vitamin B. In view of the stability of 
“bios” to heat, and the recognition of the complexity of vitamin B, it was of 
interest to investigate whether the substances originally described by Funk 
[1912-13] as vitamin B, and the products, nicotinic acid and betaine obtained 
from it by Drummond and Funk [1914], represented any part of the vitamin B 
complex or possessed “bios” action. The former tests are described else- 
where, but as regards “bios” activity, no stimulation of yeast growth 
was produced by concentrations of 0-01-0-1 mg. per cc. of the original 


1 Unit count = 250,000 yeast cells in 1 cc. of culture medium. 
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compound (M.P. 223°) of Funk, nicotinic acid, or betaine. The observations 
of Peters e¢ al. [1928] that concentrates of vitamin B, may show power to 
stimulate the growth of yeast and micro-organisms has been confirmed, for 
it has been possible through the kindness of Dr Guha to test the materials 
obtained by him during the fractionation of the vitamin B, constituent of the 
vitamin B complex [Guha and Drummond, 1929]. Some of the earlier fractions 
tested showed a marked “bios” effect in concentrations of the order of 0-08 
nig./cc., but, as the concentration of the vitamin progressed, the “bios” 
activity decreased. At the stage of the picrolonic acid fractionation no appre- 
ciable “bios” activity was shown by Dr Guha’s concentrates. 

(c) Substances related to choline. In view of the original statement of Devloo, 
an examination was undertaken to ascertain whether choline, or any of the 
bases derived from other phosphatides, showed “bios” action under the con- 
ditions of our tests. Tests were made on purified preparations of lecithin and 
kephalin, for which the writer is indebted to Dr H. J. Channon, added to the 
cultures in the form of highly dispersed 0-1 % emulsions, but without any 
increased growth of the yeast being observed. The products of hydrolysis of 
these preparations of lecithin and kephalin were also found to be inactive in the 
same concentrations, whilst, at the suggestion of Dr O. Rosenheim, aminoethyl 
alcohol, for a pure specimen of which the writer is again indebted to Dr Channon, 
was tested in concentrations of 0-02-0-07 mg./cc., without any activity being 
observed. No activity was shown by phrenosin, sphingomyelin and the base 
sphingosine, tested in concentrations of 0-005-0-10 mg. In view of these 
results it appears probable that the activity of Devloo’s material was due to 
an impurity and that he was incorrect in relating “bios” to choline and 
lecithin. 

(d) Miscellaneous substances. The following substances were tested for 
reasons which need not now be given, since they were all found inactive in 
doses ranging from 0-005 to 0-1 mg./cc.: stachydrine, lysine, spermine, guani- 
dine, methylguanidine, putrescine, cadaverine, hexosediphosphate (fermenta- 
tion) and potassium pyrophosphate. Cysteine in a concentration of 0-002— 
0-01 mg./cc. and the three dyes, methylene blue, potassium indigotetra- 
sulphonate and indigo carmine in doses of 0-001-0-005 mg./cec. were also 
found inactive. 

(e) Tests on Eddy’s preparations. Through the kindness of Prof. Eddy the 
writer was provided with small quantities of both the a- and the f-“bios” 
isolated in his laboratories. They were tested in concentrations ranging from 
0-025 to 0-075 mg./cc. The highest doses of both preparations produced a slight 
stimulation of growth of yeast, but the smaller concentrations were, according 
to the standards used in this investigation, inactive (see Table I). Thus, for 
example, after 120 hours’ incubation the count in the flasks to which 0-075 
mg./cc. of a-“ bios” had been added was only 20, whilst that in the case of the 
B-“bios” was 24. These figures compare unfavourably with many of our 
impure concentrates, which in the same interval of time produce a count of 
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124 with a concentration of not more than 0-02 mg./cc. Judged by the standard 
adopted in this investigation the preparations of Eddy would be regarded as 
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substances of relatively poor “bios” activity. 


Source of “ bios” 


Negative control 
” > 


Eddy’s a-“ bios” 


Eddy’s £-“ bios” 


Extract (d) Table IT 


Extract (e) Table IT 
Extract (h) Table IT 


As it was possible that these differences might be due to the fact that Eddy 
and his co-workers used a higher incubation temperature (31°), a few experi- 
ments were made to control this point. The following results show that the 


Dose per cc. 
of medium 
(mg.) 


0-025 
0-025 
0-050 
0-050 
0-075 
0-075 
0-025 
0-025 
0-050 
0-050 
0-075 
0-075 
0-050 
0-050 
0-020 
0-010 
0-020 


Table I. 


Initial 
inoculation 
count/ce. 
0-01 
0-10 
0-01 
0-10 
0-01 
0-10 
0-01 
0-10 


0-01 
0-10 
0-01 
0-10 
0-01 
0-10 


0-01 
0-10 
0-01 


0-01 
0-01 


Growth in units of count after 
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Source of “ bios’ 
Negative control 
Eddy’s a-“ bios” 
Eddy’s B-“ bios” 


Extract (d) Table IT 


(a) Preparation of yeast extract. A series of experiments was made to 
ascertain the most suitable means of extracting “bios” from brewer’s yeast. 
Extraction with alcohol of various strengths, the use of acid and alkaline 
alcohol and the effect of different temperatures were all investigated, but no 
outstanding advantage in any one method was discovered. The method finally 


Temperature of incubation 31°. 


Dose per ce. 
of medium 
(mg.) 
0-075 
0-075 
0-075 
0-075 
0-050 


adopted was as follows. 


Brewer’s yeast was extracted in 7 or 14 lb. batches with 2-5 or 5 litres of 
alcohol for 4 hours at 60 to 70°. After filtration, the pressed residue was twice 
re-extracted with 50 °% alcohol. The united extracts were concentrated under 


reduced pressure. 


Initial 
inoculation 
count/ce. 
0-01 
0-01 
0-10 
0-01 
0-10 
0-01 


E ‘y 
24 hr. 48 hr. 72 hr. 120 hr. 
0-01 0-02 0-02 0-04 
0-10 0-40 0-90 2-40 
aa a 0-50 6-80 
0-10 0-50 2-80 17-00 
0-02 0-07 1-80 14-00 
0-20 0-50 4-30 19-50 
0-03 0-06 2-00 20-00 
0-40 0-90 3-90 26-00 
0-01 0-40 7-30 
0-10 0-30 3-20 19-00 

_ — _- 16-80 
0-20 — — 24-00 
0-01 0-05 1-90 24-00 
0-30 0-70 3-50 28-40 
2-30 — 24-00 209-00 
5-20 14-70 — o—_ 
1-90 — 21-00 172-00 
1-00 — 9-60 102-50 
1-40 — 13-70 124-00 


Growth in units of count after 





ys e ~ 
24hr. 48 hr. 72 hr. 120 hr. 
0-01 —_ 0-02 0-04 
0-02 0-07 3-20 28-80 
0-20 0-60 5-30 34-60 
0-02 0-09 4-10 27-60 
0-30 0-90 4-80 23-30 
3°20 8-90 _—- 222-50 


Fractionation of yeast extracts for “bios.” 
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In some cases it was found convenient to use as raw material a commercial 
yeast extract (marmite), although an obvious drawback to this procedure was 
the presence in the extract of substances other than those originally present 
in the yeast. 

The original yeast extracts usually produced a count of 16-20 in 48-60 
hours when added in concentrations of 0-3-0-4 mg./cc. 

(b) Alkaline hydrolysis. The concentrates from yeast or yeast extract 
(fnarmite) were hydrolysed by heating for 2 or 3 hours in an autoclave at 
15 lb. pressure with a 20 % solution of barium hydroxide. The precipitate 
formed during the hydrolysis was removed by filtration, and the filtrate 
rendered free from barium by addition of a slight excess of dilute sulphuric 
acid. The barium sulphate precipitate carried down a considerable quantity 
of organic material from the solution at this reaction (py 6-8), but the filtrate 
contained practically all the “bios.” 

The dose of this preparation required to produce yeast growth of 16-20 
counts in 48-60 hours was usually 0-2-0-35 mg./cc. of medium. 

(c) Precipitation with neutral lead acetate. The filtrate from the barium 
sulphate precipitate was treated with an excess of lead acetate solution, about 
110 g. being usually employed to treat the material obtained from 7 lb. of 
yeast, and the mixture allowed to stand overnight. After filtration both filtrate 
and precipitate were treated with H,S to remove lead, the lead-free liquids 
brought to a reaction of py 6-8 and concentrated. 

The “bios” activity was found exclusively in the lead acetate filtrate, of 
which the dose was found to be 0-15-0-25 mg./cc., whereas in confirmation of 
Rosedale [1927] and of Chick and Roscoe [1929] it was found that the vitamin 
B, was separated almust completely in the lead acetate precipitate. 

From this point of the investigation, having established that “bios” and 
vitamin B, are not identical, the two substances were studied separately. 

(d) Attempts to adsorb “bios” on norite charcoal. Following the steps that 
have been useful in effecting a concentration of certain of the B vitamins, 
attempts were made to adsorb “bios” by treating the filtrate from the treat- 
ment with lead acetate (c) with adsorbent charcoal (norite) at different reactions. 
The reaction of the liquid was adjusted by units of py, in stages from 2 to 7, 
at each stage being shaken witn appropriate quantities of norite. The charcoal 
was filtered off and extracted with warm 50 % alcohol containing 1 °% HCl, 
but no evidence of an adsorption of “bios” was obtained. After repeated 
trials this step was omitted from the later processes. 

(e) Treatment with 80°% alcohol. The final filtrate from the “norite” 
treatment, or, in the later processes, the filtrate from the lead acetate pre- 
cipitation was evaporated under reduced pressure to a thick golden brown 
syrup, and extracted thrice with 5 volumes of hot 80 % alcohol. This treatment 
removed a quantity of insoluble inorganic substances and other inactive 
materials, and effected a certain amount of concentration of “bios”; the dose 
being reduced to 0-07-0-10 mg./cc. 
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(f) Precipitation with phosphotungstic acid. The 80 % alcohol extract was 
concentrated under reduced pressure to remove the alcohol, the thick brown 
concentrate dissolved in 500 cc. of 5 % sulphuric acid, and treated with an 
excess of a saturated solution of phosphotungstic acid in 5 % sulphuric acid; 
a 25 % excess of the precipitant is necessary if the precipitation of “bios” is 
to be satisfactory. The mixture was allowed to stand overnight in the dark and 
filtered. Both filtrate and precipitate were treated with barium hydroxide to 
remove phosphotungstic and sulphuric acids. It was found that under these 
conditions “bios” is almost completely precipitated by phosphotungstic acid; 
the activity of the material present in the decomposed precipitate being 
0-008-0-02 mg./cc. The filtrate showed insignificant activity. 

(9g) Silver fractionation. Two methods of fractionating by means of silver 
the materials precipitated by phosphotungstic acid were employed. 

In the first place a series of fractions with silver nitrate were obtained at 
different reactions, baryta being employed to lower the acidity by stages. 
Precipitates were removed at py, 2 (Agi), py 46 (Agtt), pq 6-8 (Ag 111), 
Pp 8 (Ag Iv) and finally after saturation with baryta (Ag v). Each precipitate 
was suspended in hot water and decomposed with hydrochloric acid gas, but 
no appreciable “bios” activity was traced in any one; the final filtrate from the 
silver fractions, rendered free from silver and barium by sulphuric acid, showed 
considerable potency, being active in doses of 0-01-0-02 mg./cc. 

The alternative treatment with silver consisted of rendering the diluted 
solution from e (Table II) distinctly alkaline by means of ammonia and adding 
freshly precipitated silver oxide until maximal precipitation occurred. The 
“bios” activity was not removed in the heavy precipitate, but remained in 
the filtrate after removal of ammonia and the excess of silver. The activity of 
this preparation was of the same order, namely, 0-01-0-02 mg./ce. 

(h) Treatment with platinic chloride. The filtrates from the silver treatments 
on concentration to dryness yielded semi-solid materials from which a further 
amount of inactive inorganic substances was removed by extraction with 80 % 
alcohol. The solution after removal of alcohol on the addition of a 10 % aqueous 
solution of platinic chloride yielded a crop of a brown crystalline solid. The 
crystals were removed, and well washed with water, in which they were rela- 
tively insoluble, and decomposed with H,S. The material precipitated by 
platinum showed “bios” activity, but only in relatively high concentrations 
(0-10-0-20 mg./cec.). Most of the activity was found in the platinum filtrate 
of which the active concentration was about 0-01 mg./cc. 

A number of attempts have been made to concentrate further the “bios” 
present in the final filtrate from the platinum treatment, but with no appre- 
ciable lowering of the concentration necessary to produce the required stimu- 
lation of yeast growth. 

The progress of a typical fractionation is illustrated in Table II. 
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Table IT. 


(a) Yeast extract 
*(O.M.: 188-50 g. 
N %: 13-90 
Dose: 0-3-0-4 mg.) 


20 % Ba(OH), at 115° 


| 
(6b) Hydrolysate Barium precipitate 
(OM.: 141-0 g. (Inactive) 
N %: 123 
Dose: 0-2-0-35 mg.) 


Lead acetate 


Lead precipitate (c) Filtrate 
(Inactive) (O.M.: 110-50 g. 
N %: 11-92 


Dose: 0-15-0-25 mg.) 
80 % alcohol extracted | 


(d) Soluble extract —_— residue 
(O.M.: 39-2 g. (Inactive) 
N %: 12-20 
Dose: 0-05-0-07 mg.) 
Phosphotungstic acid 
in 5 % sulphuric acid 


| 
Filtrate (ec) Precipitate 
(Inactive) (O.M.: 10-20 g. 
N %: 12-93 
Dose: 0-02 mg.) 


AgNO,,Ba(OH), 
_or Ag,O.NH,OH ; 





| 
(f) Filtrate Silver precipitates 
(O.M.: 6-8 g. (Inactive) 
Dose: 0-01—-0-02 mg.) 


| Extracted 80 % alcohol (thrice) 


(g) Extract Residue 
(O.M.: 4-20 g. (Inactive) 
Dose: 0-01-0-02 mg.) 


10 % aq. solution of platinic chloride 





I | 
Precipitate (h) Filtrate 
(Inactive) (N %: 156 
Dose: 0-01 mg.) 


* O.M. = organic matter. Dose = active dose for 1 cc. of medium. 


Properties of the active concentrate. 


The material obtained by the decomposition of the platinum filtrate 
contains 15-6 % of nitrogen (calculated on an ash-free basis) but no phos- 
phorus. It does not give the following tests for various types of nitrogenous 
compounds: carbylamine reaction, nitrosamine reaction, biuret test, Folin- 
Denis test, Millon reaction, ninhydrin reaction and Denigé’s test, but it gives 
a fairly strong reaction with Pauly’s reagent. No precipitates were obtained 
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on the addition of aqueous or alcoholic picric acid, mercuric sulphate (Hopkins’s 
reagent) or mercuric chloride. Bromine is absorbed with great avidity, yielding 
a gummy resinous product. 

The “bios” activity is inappreciably affected by treatment with nitrous 
acid or dilute nitric acid, but oxidation by warming with hydrogen peroxide 
for 30 minutes causes inactivation. All efforts to prepare a solid benzene- 
sulphonamide failed, and no further evidence has yet been obtained to throw 
light on the chemical nature of the active substance. 


Comparison of the various “bios” preparations. 


The more important statements regarding “bios” are summarised in 
Table III; it being remembered that according to Miller [1924] the growth 
of yeast in a sugar-salt medium is not satisfactory unless “bios 1” is added 
to “bios II.” The former has been identified by Eastcott [1928] as inositol; 
furthermore, the “bios II” of these workers is described as extremely soluble 
in acetone, readily removed from solution by shaking with charcoal, and not 
precipitated by barium hydroxide [Lucas, 1924; Miller, 1924]. 


Table IIT. 


Wildiers, Eddy and his Author’s 
Devloo co-workers concentrate 
Solubilities : 
Water pe oa “n Soluble Soluble Soluble 
Alcohol (abs.) Sa ee _ Sol. in 95 % Sparingly sol. 


(80 %) Soluble Soluble Soluble 
Acetone = coe ese — Soluble in aqueous Insoluble 
acetone 
Ether and chloroform Insoluble == Insoluble 
Stability to reagents: 
Alkalis (kot or cold baryta 
and NaOH) ae ae Stable Stable Stable 
Acids (cold HCl, H,S0O,, 
HNO,) _... ane See Stable Stable Stable 
Hot HCl, HNO, and H,SO, Stable — Stable 
Nitrous acid ; aes — ~ No action 


Hydrogen peroxide oie _— _ Inactivated 
Precipitants: 

Not precipitated 
Not precipitated 
Not precipitated 
Not precipitated 
Precipitated 
Not precipitated 
Not precipitated 


? 


Lead acetate (neutral) Not precipitated — 

_ (basic) on Not precipitated = 
Silver nitrate (acid) Not precipitated -—— 

as (alkali) Not precipitated — 
Phosphotungstic acid Not precipitated Not precipitated 
Mercuric sulphate Not precipitated — 
Mercuric chloride Not precipitated —_— 


Not precipitated 


Platinic chloride (aqueous) Not precipitated — 
Not precipitated 


(alcoholic) Not precipitated — 


Picric acid 


Nature 


Not precipitated — 


Believed to be an 
org. N base 


Nitrogenous base 


Not precipitated 
Simple N com- 


pound 





It will be seen that there is some disagreement regarding the properties of 
“bios.” Actually, the disagreement is more serious than is indicated by the 
comparison of the properties of the various preparations, because Lucas [1924] 
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records a failure to observe under the conditions of his test any stimulant 
action with Eddy’s “bios,” and with our technique the preparations of 
Eddy were also found to be virtually inactive (see Table I). 

The identification of “bios I” as inositol by Miss Eastcott [1928] has also 
complicated the question considerably. During the course of the investigation 
being reported a large number of experiments has been made to ascertain 
whether the activity of any of the fractions was dependent upon or was 
augmented by the addition of inositol. In no single case was this found to be 
the case; the following examples are typical (Table IV). 


Table IV. 


(Initial inoculation: 0-01 count/cc., incubation temperature: 22°.) 





Inositol Tnositol ** Bios” extract Growth in units of count after 
(Basle) (Pryde) mg./ec. , A ~\ 
mg./ce. mg./cc. Table II 24hr. 48hr. 72hr. 120hr. 
Nil Nil Nil 0-01 0-01 0-02 0-04 
0-02 se ys 0-01 0-01 0-02 0-04 
0-04 . mn 0-01 0-02 0-02 0-04 
0-08 ee = 0-01 0-02 0-04 0-04 
0-10 iw “i 0-01 0-02 0-04 na 
0-20 aa oa 0-02 0-04 0-07 0-18 
Nil 0-05 = 0-02 0-05 0-15 0-20 
ke 0-10 i 0-02 0-04 0-10 0-20 
sai 0-20 i 0-03 0-09 0-15 0-30 
0-02 0-20 0-050 (d) 2-30 5-40 21-80 — 
0-08 0-20 0-050 ,, 2-10 6-20 a 210-00 
0-10 0-20 0-050 ,, 1-90 5-70 — 206-50 
0-20 0-20 0-050 ,, 2-10 5-90 23-00 “= 
Nil 0-20 0-050 ,, 2-40 6-10 20-20 205-00 
_ 0-050 0-020 (e) 1-80 500 20-50 we 
. 0-10 0-020 ,, 1-90 5-30 et 184-00 
ie 0-20 0-020 ,, — 4-70 18-30 — 
S Nil 0-020 ,, 1-75 480 19-70 o 
a 0-05 0-010 ,, 0-70 2-00 et 78-00 
a 0-10 0-010 ,, 0-85 — — 82-00 
ss 0-20 0-010 ,, 0-80 2-70 ze 85-50 
ae Nil 0-010 ,, 0-70 2-20 — 80-40 


(Initial inoculation: 0-10 count/cc.) 


Nil Nil Nil 0-10 0-20 —- 0-40 
0-02 9 * 0-10 0-20 — 0-50 
0-05 cs . — 0-20 — — 
0-10 a “3 — 0-20 — — 
0-20 - ‘a 0-20 — - 1-50 
0-02 0-020 (e) 4-50 19-50 — — 
0-05 Be 0-020 ,, 4-90 22-30 —— — 
0-10 is 0-020 ,, 4-70 20-70 —- = 
0-20 + 0-020 ,, 4-60 20-80 — 192-00 
Nil 0-10 Nil 0-40 1-20 —— -- 
a 0-20 ” 0-50 1-40 — 3-00 
om 0-05 0-020 (e) 4-80 -- -—— 187-00 
a 0-10 0-020 ,, —— — 67-90 — 
sg 0-20 0-020 ,, 5-70 22-60 — — 
i Nil 0-020 ,, 4-70 21-50 —_ 186-00 


A series of experiments was also conducted at 28°, the temperature of 
incubation employed by Miss Eastcott [1928], but the results were not essen- 
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tially different from those given above. Of the same character were the results 
of a series of experiments with varying doses of “bios” extracts (Table V). 


Table V. 


(Initial inoculation: 1-0 count/cc., incubation temperature: 22°.) 
Growth in units of 
“Bios” extract count after 
Inositol (Basle) Inositol (Pryde) mg./cc. ——————__—_, 
mg./cc. mg./ce. Table IT 24 hr. 48 hr. 
Nil Nil Nil 1-0 2-80 
0-05 ze a = 3-20 
0-10 * e = 4-60 
0-20 a x 2-30 5-20 
0-05 os 0-020 (h) 8-70 32-00 
0-10 as 0-020 ,, 8-60 31-70 
0-20 ss 0-020 ,, 9-20 33-90 
Nil 0-05 0-020 ,, 7-80 29-20 
bs 0-10 0-020 ,, 8-70 33-50 
is 0-20 0-020 ,, 8-50 31-00 
a 0-05 Nil a 2-90 
. 0-10 ee a 5-70 
- 0-20 5 4-00 9-20 (?) 
sa Nil 0-020 (h) 7:90 + 31:00 
“f ia 0-010 ,, 4-80 19-40 


One sample of inositol employed was a preparation made by the Society 
of Chemical Industry of Basle. It was purified by several recrystallisations 
from dilute alcohol and melted sharply at 215°. A few experiments were also 
made with a preparation isolated from mammalian muscle, for which I am 
indebted to Dr J. Pryde. All the experiments with inositol proved negative 
in the sense that no effect on the growth of yeast was observed. 

The active concentrates obtained in this investigation were examined 
qualitatively for inositol, but no indication of its presence was obtained. The 
conclusion reached is, therefore, that, if the methods of studying the growth 
of yeast employed by the Toronto investigators differ in no fundamental 
manner from those used in this investigation, the activity of the inositol 
observed by them must have been due either to the presence of an impurity, 
or to some such effect as has been recently described by Miss Reader [1929] 
in the case of mannitol. The present study provides no explanation of the 
different behaviour of inositol in these experiments and those of the Toronto 
investigators. Until a satisfactory explanation of the discrepancies is forth- 
coming it might be assumed that different yeasts require different types of 
“bios,” although the writer’s experience is against making such an assumption. 
Miss Copping [1929] was good enough to test a number of the active con- 
centrates and found that they stimulated the growth of a wide variety of yeasts 
of different types. 

DISCUSSION. 


Until the investigation has been carried further, it is undesirable to attempt 
to reconcile the many conflicting statements regarding “bios” that are to be 
found in the literature. 
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For the present it will be sufficient to state that concentrates have been 
prepared from yeast which are highly active in stimulating the growth of 
S. cerevisiae in an artificial sugar-salt medium. These concentrates exhibit 
an activity in doses that are considerably smaller than those recorded by 
Eddy for his preparations, one of which is believed to be a pure substance, or 
those described by the group of Toronto workers. In this investigation no 
evidence has been obtained to support the activity of Eddy’s preparations of 
a- and B-“bios,” nor are the results described in this paper in agreement with 
the statements regarding the activity of the “bios I” and “bios II” of Miller, 
Lucas and others. 

The properties of the most active concentrates prepared during the course 
of this work suggest that the active material is a comparatively simple nitro- 
genous substancel. 

Summary. 


(1) “Bios” and vitamin B, are not identical. A chemical separation of 
vitamin B, from “bios” has been effected. 

(2) A series of substances of known chemical composition has been tested 
for “bios” activity. None of these substances has been found to exert a marked 
stimulating influence on the growth of the yeast. 

(3) A method of fractionation of “bios” is described, which provides 
concentrates producing marked stimulation of yeast growth in doses of the 
order of 0-01 mg./cc. of an artificial sugar-salt medium. The final concentrate 
obtained appeared to consist largely of relatively simple nitrogenous substances 
and contained no phosphorus. 

(4) The properties and activity of this concentrate are compared with those 
of Eddy’s preparations, and also with those of the preparations of Miller, 
Lucas and their colleagues. The conclusion is reached that a more active 
preparation has been obtained than those described by them, and, therefore, 
that their claims to have isolated “bios” cannot at this stage be admitted. 

(5) An extensive examination of Eastcott’s statement that inositol is an 
essential unit of “bios” has been made, but no evidence was obtained to support 
her claim. 


In conclusion, the writer wishes to make grateful acknowledgment to 
Prof. J. C. Drummond for his kind interest and advice throughout the course 
of this investigation. 


1 Since this typescript was prepared for publication a paper by Williams, Warner and Roehm 
[J. Amer. Chem. Soc. 1929, 51, 2764] has appeared where the authors record results very similar 
to those obtained in the foregoing paper on Eddy’s “bios” preparations and inositol. Williams and 
his co-workers claim to have obtained a very concentrated form of “bios” (their “Z” concentrate 
adsorbable by fuller’s earth) which, however, manifests its greatest activity only in the presence 
of another factor present in the residue after adsorption by fuller’s earth. The “Z” concentrate 
is claimed to produce definite stimulation of growth in as low a concentration as 0-00005 mg./cc. 
when duly supplemented by 0-8 mg./cc. of the unadsorbed residue. As has already been shown in 
the foregoing paper no evidence in support of the complex nature of “bios” has been obtained 
during the course of the present investigation. 
Biochem. 1930 xxiv 
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W3ILE a considerable amount of work has been done to elucidate the chemical 
nature of vitamin B, as yet few observations of a similar character have been 
recorded regarding the more recently discovered vitamin B,. Of the few facts 
known concerning the latter substance, the most important are those that 
indicate its comparative stability to heat and to somewhat drastic treatment 
with aqueous alkalis. Several investigators have stated that it is sparingly 
soluble in alcohol of greater concentration than 80 %, while it has also been 
recorded that it is absorbed by fuller’s earth [Salmon e¢ al., 1928] and silica 
gel [Levene, 1928]. The attempts to separate the two vitamins B, and B, have 
been based on these properties, but so far little progress has been made in the 
isolation of vitamin B,. The most potent concentrate recorded in the literature 
appears to be that obtained by Levene [1928], by means of adsorption on silica 
gel. This preparation supplied the requirements of the young rat in doses of 
only 2 mg. of organic matter daily. He observed that the activity was de- 
stroyed by treatment with nitrous acid. 

The present investigation was undertaken as part of the general study of 
vitamin-like substances present in yeast extracts. 


EXPERIMENTAL. 


In the foregoing paper a description is given of an investigation on the 
chemical nature of “bios.” During the earlier part of this investigation it was 
uncertain whether the yeast stimulant was identical with the factor known as 
B, or not, but it was soon ascertained that precipitation of the baryta-hydro- 
lysates of yeast extracts with lead acetate effected a separation of the two 
substances. The vitamin B, is precipitated by lead acetate whilst “bios” 
remains in the filtrate. The precipitation of vitamin B, by this reagent has 
been recorded by Rosedale [1927], and by Chick and Roscoe [1929]. The 
present communication describes the efforts that were made to separate the 
factor B, from the materials precipitated by lead acetate (see Table II 
[Narayanan, 1930)). 

A. Technique. In these experiments young rats (usually black and white, 
bred in these laboratories) of approximately 50 g. in weight were placed on a 
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vitamin-free diet consisting of caseinogen 20 %, starch 74 %, and a special 
salt mixture 4 %. They were also given 40 mg. daily of cod-liver oil of tested 
vitamin A and D strength and each rat was also given a supply of a concentrate 
containing vitamin B, sufficient to permit satisfactory growth if the diet was 
otherwise adequate. The concentrate was made by the method of Kinnersley 
and Peters [1927]. 

Each rat was kept in a separate cage and when the growth had quite, or very 
nearly, ceased, a daily dose of the extract to be tested was given. An extract 
under test was assumed to be active when the rats grew at the rate of at least 
10 g. a week. 

B. Tests on known substances. A number of substances, which for one 
reason or other might possibly have been suspected of being related to vitamin 
B,, were tested. All these tests proved negative. The list of substances tested 
is given below with the doses employed. 


Table I. 
Average growth 
Substance Dosage in a week 
(mg.) (g-) 
Nucleic acid (yeast) 1-10 -2 
Guanine hydrochloride... 1-5 Nil 
Adenine sulphate on _ 1-5 . 
Funk’s compound, m.P. 234° ... 1-5 1 
Nicotinic acid hydrochloride ... 1-5 Nil 
Betaine hydrochloride ... 1-5 -1 
Inositol ... ie a o nee 1-10 -lto+l1 
Potassium pyrophosphate sos = 1-10 -i 
Non-saponifiable matter from yeast fat 1-5 Nil 


C. Preparation of lead acetate fraction. The precipitate produced by the 
addition of lead acetate to the extract hydrolysed by alkali, or to the aqueous 
solution of the material extracted from yeast by alcohol [see Narayanan, 1930] 
was decomposed by suspending in warm water and slowly adding 10% 
sulphuric acid while the mixture was stirred mechanically. When acid to 
Congo red, the lead sulphate was removed by filtration, and the filtrate 
neutralised with sodium hydroxide. The filtrate fraction was found to be active 
and promoted growth in daily doses representing 10-15 mg. of organic matter. 
(N content 6-7 %.) (Curve no. I, Fig. 1.) 

The filtrate containing material not precipitated by lead acetate produced 
practically no growth, even in daily doses as high as 400 mg. of organic matter. 

D. Adsorption on fuller’s earth. Preliminary experiments were made to 
discover if the factor is readily adsorbed by fuller’s earth, and, if so, the best 
conditions for effecting concentration by this means. A preliminary series of 
trials with the liquid resulting from decomposition of the lead acetate pre- 
cipitate demonstrated that over a range of py extending from 6-8 to 0-1 the 
adsorption increased as the acidity was raised. At py 0-1 the removal of the 
active factor by fuller’s earth was almost complete, and the main bulk of a 
large preparation was consequently treated in the following manner. 
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The active liquid from the lead acetate precipitate was rendered approxi- 
mately 0-9 N with sulphuric acid and treated with 3 g. of fuller’s earth for 
every 100 cc. of the liquid. 

The mixture was well stirred mechanically for half an hour, filtered and the 
earth well washed with a small quantity of 0-9 N sulphuric acid. The filtrate 
and washings were similarly treated a second time with 1-5 g. of fuller’s earth 
for each 100 cc. Approximately 40 % of the total solids and organic matter 
of the original extract was adsorbed. The resulting earth contained practically 
all the active factor, and promoted growth in doses of 40 mg. of earth; corre- 
sponding to 6 mg. of adsorbed organic matter. (Curve no. II, Fig. 1.) 
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The “activated” fuller’s earth was now triturated with cold saturated 
baryta until alkaline to bromocresol purple, filtered, and the precipitate well 
washed with distilled water until the washings failed to give a test for barium. 
The filtrate and washings contained 26 °% of the solids adsorbed on the earth, 
but did not promote growth when tested. On the other hand, the earth after 
extraction with baryta produced growth in doses of 40 to 50 mg. of earth, 
corresponding to 5 mg. of residual adsorbed organic matter. (Curve no. III, 
Fig. 1.) 

The earth was now extracted with 50 % alcohol containing 0-1 % of sul- 
phuric acid. Twenty-six g. of earth, containing approximately 2-7 g. of organic 
matter, were twice extracted at 60 to 70° for 1 hour with 50 cc. of the acid 
alcohol. The extracts and washings were evaporated at reduced pressure, and 
the residual fluid carefully neutralised. On testing the extract it was found to 
be inactive. It contained 0-16 g. of organic matter, representing 6 °%% of the 
total adsorbed substances. The residual fuller’s earth was found to be still 
active in doses of 50 mg. of earth. (Curve no. IV, Fig. 1.) 
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The residual earth was now extracted in a similar manner with 50 % alcohol 
containing 0-1 °% of sodium hydroxide. The extract after removal of the alcohol 
and neutralisation was found to contain 0-2 g. of organic matter, but to be 
quite inactive. The residual solid weighed 20-5 g. and still retained its original 
activity, 7.e. 50 mg. of earth. (Curve no. V, Fig. 1.) 

A quantity of this residual “activated” earth, representing a total of 
approximately 400 daily doses, was again extracted, this time with dilute HCl 
at a py of 6-8, under the same conditions as before. The extract was concen- 
trated and neutralised. It contained 0-75 g. of organic matter, but was inactive. 
The activity of the earth was found to have been somewhat reduced by this 
treatment as it required doses of 80-100 mg. to produce an average growth of 
10-12 g. a week. (Curve no. VI, Fig. 1.) 

The following scheme illustrates the experiments described. 


Brewer’s yeast extract 
(Org. matter: 100 g. 
Rat dose: 60-92 mg.) 
| Neutral lead acetate 


j | 
Lead precipitate Filtrate 
(Org. matter: 13 g. 
Rat dose: 12-15 mg.) 


| Adsorption on fuller’s earth 


Filtrate * Activated earth” 
(Org. matter: 6-50 g.) (Total solids: 32 g.* 
(Inactive) 2at dose: 40 mg.) 


Extracted Ba(OH), to py 6-8 


Alkaline extract 
(Org. matter: 1-30 g.) 
(Inactive) 


Residal solid 
(Total solids: 30 g. 
Rat dose: 40-50 mg.) 


Extracted hot 50 % alcohol (0-1 % H,SO,) 








Extract Earth 
(Org. matter: 0-15 g.) (Total solids: 29 g.* 
(Inactive) Rat dose: 50 mg.) 


Extracted hot 50% alcohol containing 0-1 % NaOH 





Earth Extract 
(Total solids: 28 g. (Org. matter: 0-26 g.) 
Rat dose: 50 mg.) (Inactive) 


Extracted hot diluted HCl at py 6-8 





Active solid 
(Total solid: 26-50 g. 
Rat dose: 80-100 mg.) 








the following procedure was adopted. 


Extract 
(Org. matter: 1-25 g.) 
(Inactive) 


* Total solids = total weight of “activated” fuller’s earth. 
E. Adsorption on “‘norite” charcoal. In view of the failure that attended 


the efforts to concentrate vitamin B, by the use of fuller’s earth, an attempt was 
made to adsorb the active factor on “norite’ charcoal. After a series of trials 
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The extract from the decomposition of the lead acetate precipitate from 
7 lb. of yeast was rendered approximately 0-9 N with sulphuric acid, and 
treated with 5 g. of norite for every 100 cc. of the liquid. The mixture was well 
stirred for half an hour and filtered. The charcoal was then washed well with 
0-9 N H,SO,, and the filtrate and the washings were again treated with 2 g. 
of charcoal per 100 cc. The combined charcoals weighed 42 g. when dry. The 
filtrate and washings were reserved for further experiment. 

‘The charcoal fraction was suspended in 50 ce. of a solution of 1 % sodium 
hydroxide in 50 % alcohol, added until the reaction of the mixture was py 6°8, 
and the mixture heated on the water-bath for 1 hour, care being taken to keep 
the reaction at py 6-8. The alcoholic solution was filtered and concentrated 
under reduced pressure. The concentrate contained 40 °% of the organic matter 
of the original extract, but was practically inactive. The residual charcoal, 
however, showed slight activity in 60 mg. doses. (Curve no. VII, Fig. 2.) 
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The reaction of the filtrate and washings from this charcoal treatment was 
adjusted to py 2:3 by the addition of sodium hydroxide and a similar treat- 
ment with norite carried through. The combined charcoals were similarly 
extracted at 60-70° with 50 % alcohol at py 6-8. The alcoholic extract con- 
tained 50 % of the residual organic matter, but did not produce any appre- 
ciable growth in 5-6 mg. doses. The extracted charcoal was quite inactive. It 
was concluded that norite does not appreciably adsorb vitamin B, at this py. 

’ The filtrate from the charcoal treatments was concentrated under reduced 
pressure to a thick syrup and extracted with hot 50 % alcohol. A granular 
precipitate consisting mostly of inorganic matter separated, and was discarded 
on being found to be quite inactive. The alcoholic extract contained practically 
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all the residual organic matter but was also inactive. The loss of activity in 
the experiment has not been satisfactorily accounted for. 

F. Attempts to concentrate vitamin B, by means of alcohol. In view of the 
failure of the efforts to concentrate vitamin B, by adsorption methods, it was 
decided to attempt fractionation by alcohol. The fraction resulting from decom- 
position of the lead acetate precipitate was treated with absolute alcohol until 
the solution contained approximately 50 %. A considerable amount of a slimy 
precipitate was obtained which was filtered off and washed with small quan- 
tities of 50 % alcohol. The alcoholic extracts and washings were concentrated 
under reduced pressure. This extract was found to be active in daily doses of 
9 mg. of organic matter (curve no. VIII, Fig. 2), and contained about 88 % 
of the activity of the original fraction. 

The 50 % alcoholic extract was further treated by raising the percentage 
of alcohol to approximately 70 %, when another slimy dark-brown precipitate 
was deposited. This was removed by filtration and well washed with small 
quantities of 70 % alcohol. The filtrate was concentrated, but on being tested 
on rats-was found to be inactive. The precipitate contained most of the activity, 
giving good growth in daily doses of 6 mg. of organic matter [cf. Sherman and 
Sandels, 1929]. Further investigation of this fraction is in progress. (Curve 
no. IX, Fig. 2.) 


Some properties of vitamin B,. 


(a) Treatment with acids and alkalis. In the course of these experiments, 
further confirmation was obtained of the observation that the active factor, 
vitamin B,, withstands rather drastic treatment with acids and alkalis. 

No appreciable destruction appears to occur when either a yeast extract or 
brewer’s yeast is hydrolysed by 10-15 % sulphuric or hydrochloric acid at 
boiling point for 24 hours, or when they are treated with 10-15 % barium 
hydroxide solution in an autoclave at 110-120° for 1 to 3 hours. (Curves nos. 
X, XI, XII, Fig. 3.) 

(b) Treatment with hydrogen peroxide. The active factor is apparently 
stable to hydrogen peroxide. 100 cc. of the lead precipitate fraction, after 
removal of the lead, was treated with an excess of hydrogen peroxide, the 
mixture being warmed on the water-bath at 60-70° for 30 minutes. The 
resulting liquid was equal in activity to the original untreated material. 
(Curve no. XIII, Fig. 4.) 

(c) Treatment with nitrous acid. In contradiction of Levene’s statement 
[1928] and in confirmation of the more recent observation of Chick [1929] no 
appreciable destruction of the active factor was observed when treated with 
nitrous acid. 100 cc. of the lead precipitate fraction (containing 1-5 g. of 
organic matter) were treated with 2-5 g. of sodium nitrite and the mixture was 
cooled on ice. 10 % hydrochloric acid was then slowly added and the mixture 
allowed to stand for 10 minutes. The solution was then warmed to 60—70°, and 
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finally neutralised with sodium hydroxide solution. The resulting liquid showed 
no appreciable deterioration of its original activity. (Curve no. XIV, Fig. 4.) 

(2) Solubility. Apart from its extreme solubility in water, vitamin B, 
is very soluble in 50-60 % alcohol, but only sparingly so in alcohol of greater 
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éoncentration, and practically insoluble in higher alcohols, of the type of butyl 
alcohol, as the following experiment shows. 


The extraction was made in a continuous extraction apparatus essentially 
of the form described by Dudley [1919]. 
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The extract from 7 lb. of yeast was concentrated to a thick brown syrup, 
and extracted in two lots with n-butyl alcohol at 60-70° for 48 hours. The 
butyl alcohol extract was separated from the aqueous mixture, and the latter 
solution was again subjected to extraction for a further period of 48 hours. 
The extracts were combined and concentrated under reduced pressure to 
remove all the solvent. The concentrate contained 5 % of the total solids of 
the original extract, but was found useless as a source of vitamin B,. The 
residual aqueous liquor retained practically all the activity. (Curves nos. XV 
and XVI, Fig. 4.) 

SUMMARY. 


(1) An attempt to concentrate vitamin B, by means of adsorption on 
fuller’s earth is described. While adsorption was complete at the extreme acid 
range of py, (0-05-0-10), great difficulty was encountered in removing the 
adsorbed active factor. 

(2) “‘Norite” charcoal is not an efficient adsorbent of the active factor. 

(3) The active factor is relatively insoluble in alcohol of greater concen- 
tration than 70 % by volume. By this process a concentrate has been obtained, 
of which the daily dose which supplies the requirements of the ycang rat 
contains 6 mg. of organic matter. Further fractionation of this concentrate is 
in progress. 

(4) The general finding that the active factor is stable to heat, acids and 
alkalis is confirmed. It is also found that vitamin B, is not destroyed by either 
hydrogen peroxide or nitrous acid. It is not appreciably soluble in buty] alcohol. 
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INTRODUCTION. 


In view of the fact that the biological method for the estimation of vitamin A 
is not only tedious and expensive, but is open to errors of a rather disturbing 
magnitude, the need for a more satisfactory method has always been keenly 
felt. In 1925 Rosenheim and Drummond described the AsCl, test as the basis 
of a quantitative method of assay, but the method was greatly improved by 
the use of SbCl, and other modifications introduced by Carr and Price [1926]. 
Drummond and his co-workers have presented evidence that these colour 
reactions are of practical value in the assay of vitamin A in liver oils, and 
support for this view has been brought forward by Rosenheim and Webster 
[1926, 1927], Willimott and Wokes [1927] and others. On the other hand 
some investigators do not regard the reaction as specific for vitamin A. Some 
of their objections have been dealt with by Drummond and Morton [1929] and 
have been shown to be based on unsatisfactory evidence, but those raised by 
Schmidt-Nielsen were, however, more serious, in that superficially it did not 
appear that the discrepancies could be attributed to obvious differences of 
technique. 

The work recorded in this paper was undertaken for the purpose of ex- 
amining the claims of Schmidt-Nielsen, and relates to a number of fish-body 
and -liver oils which have been studied both colorimetrically and biologically. 
While it was in progress, Norris and Danielson [1929] published data concerning 
colorimetric and biological tests of the vitamin A values of some Pacific coast 
salmon-body oils. They concluded that the results of the colorimetric assays 
agreed within reasonable limits with those obtained from the biological 
method. Both their colorimetric and biological values (3-10 units, United 
States Pharmacopeeia) are, however, so low that, in our opinion, their signi- 
ficance is not great. 

Schmidt-Nielsen [1928, 1, 2, 3] stated that the body oils of sprat, mackerel 
and herring as well as the liver oil of the basking shark were, according to his 
biological tests, good sources of vitamin A, but that they did not react with 
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arsenic or antimony trichloride to give the characteristic blue colour. Generally 
speaking he found that a blue colour was given by the liver oils of bony fishes 
such as cod, tusk, ling and haddock, whereas the liver oils of most of the 
Elasmobranchs, sharks and rays, gave only a feeble reaction, the colour quickly 
changing to reddish or brown. On the other hand, the liver oil of salmon gave 
an intense blue colour with SbCl, (150-200 blue units on the Rosenheim- 
Schuster colorimeter), which apparently bore no relation to its vitamin A 
value as indicated by the animal tests. These results led him to conclude that 
there is no strict relation between the colour reaction and the biological assay 
for vitamin A, and that the blue colour reaction is probably due to substances 
which sometimes accompany the vitamins. 


EXPERIMENTAL. 


The body and the liver oils of salmon and herring were prepared in the 
laboratory by grinding the flesh or the livers with anhydrous Na,SO,, and 
extracting the dry powder with ether in an atmosphere of nitrogen. The ether 
was removed in an atmosphere of nitrogen, and the oils were sealed in amber 
glass ampoules in which the air was replaced by the inert gas. Salmon body 
and liver gave deep orange-red oils, the yield being approximately 11-5 and 
7-0 % respectively, whilst herrings gave a yellow body oil and a brownish-red 
liver oil in yields of approximately 7-6 and 10-0 %. The herring-liver oil had 
a distinct green fluorescence. Dr Schmidt-Nielsen also very kindly supplied 
us with samples of herring-body oil and a sample of the liver oil of the basking 
shark examined by him [Schmidt-Nielsen, 1928, 2; 1929]. These six samples 
were submitted to a comparative assay of vitamin A by the colorimetric and 
biological methods. 

The colorimetric test was carried out according to Carr and Price’s [1926] 
modification of Rosenheim and Drummond’s method [1925], the colours being 
matched after 30 seconds. In the case of body oils which do not give a per- 
ceptible blue colour in 10 % dilution in chloroform, 0-2 cc. of the oil itself was 
used and is referred to as 100 % dilution in the table. A mean of at least three 
readings was taken. The original colour of the oil was also measured with the 
same colorimeter in suitable dilutions. 

In the case of oils which show a very deep blue colour with SbCl,, it is often 
not possible to obtain a satisfactory match at 10% dilutions. With the 
Rosenheim-Schuster colorimeter the most reliable readings are usually obtained 
by matching at dilutions which give 5-8 blue units. As the intensity of the 
blue colour is not strictly proportional to the degree of dilution, it is necessary 
to obtain five or six readings at different dilutions and plot an intensity-dilution 
curve, by reference to which 10 % dilution values can be interpolated for pur- 
poses of comparison. The values of the herring and salmon-liver oils were 
obtained in this manner. 

The technique of the biological test employed was as follows. 
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Young rats at an average weight of 45-50 g. were put on a vitamin A-free 
basal diet consisting of 


Purified caseinogen an 20 parts 
Purified rice starch ‘gs 7 
Salt mixture a sas 4 ,, 
Dried brewer’s yeast i ae 


The antirachitic factor was supplied in the form of irradiated ergosterol 
prepared in the laboratory. A dose of 0-01 mg. of this preparation dissolved 
in ethyl oleate was given twice weekly to each rat throughout the preparatory 
and the testing periods. 

The majority of the rats showed a steady weight after 4-5 weeks on the 
basal diet. They were then given measured supplements of the oils, which were 
administered directly into the mouth every morning. Ethyl oleate was used 
as the diluent, and the solutions were kept in brown glass ampoules of small 
capacity, and stored in a vacuum desiccator in a cold, dark cupboard. Fresh 
solutions were made every week or 10 days!. 

The tests of the supplements were carried on usually for 3 weeks in the case 
of rats which showed little or no growth, whilst they were continued for 4-6 
weeks if the material under investigation induced appreciable growth. In the 
former case the supplement was changed to an adequate dose of another oil 
known to contain vitamin A, in order to demonstrate that the animal was still 
capable of growing. In a few cases, however, the rats rapidly declined in weight 
within a few days, with an onset of deficiency symptoms, and died before they 
could be saved by the administration of vitamin A. 

The results of the colorimetric and biological tests are recorded in Tables 
I and II respectively, and the Figures 1-6 illustrate representative growth 
curves. 

It will be evident from the data there given that the results are, on the 
whole, reasonably definite. The figures in the last column of Table I show that 
the SbCl, reaction is practically negative for the three body oils from salmon 
and herring, and for Dr Schmidt-Nielsen’s preparation of the liver oil of the 
basking shark. The blue units given by herring-liver oil are of the same order 
as those of a good average sample of cod-liver oil, while those of the salmon- 
liver oil are about six times greater. 

The results of biological tests are in satisfactory agreement with those of 
the colorimetric tests. 


1 The use of ethyl oleate as a diluent for this purpose was thought at first to be a great im- 
provement in technique [Drummond and Morton, 1929]. It has been found unsatisfactory, 
however, in one respect. Probably owing to the presence of acids more highly unsaturated than 
Oleic, autoxidative changes tend to occur and may involve the substance being tested. These can 
be prevented by replacing the natural antioxidant in olive oil by a substance such as quinol. 
In this investigation we guarded against deterioration of the solutions by making them up freshly 
every week. We have satisfied ourselves that the vitamin D content of the solution of irradiated 
ergosterol in ethyl oleate does not fall appreciably over a period of several weeks. 
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Table I. Colorimetric tests. 


Dilution Colorimetric 


Nature of the oil (%) 
Salmon-body oil 10 
100 

Herring-body oil 10 
100 

Herring-body oil 100 


(Schmidt-Nielsen) 


Basking shark-liver oil 10 
(Schmidt-Nielsen) 


100 
Herring-liver oil 10 
Salmon-liver oil 10 






Colorimetric units with 


units of the oil SbCl, reagent 


5-0 yellow 
4-6 red blue 
— 0-4 red 
0-2 blue 
1-5 yellow 


~- Yellowish tint changing to red 


after 1-2 min. 
6-0 yellow 0-2 red 
1-0 red 0-5 yellow 
0-3 blue 
Red increasing after 1-2 min. 
0-6 red 0-2 red 
2-8 yellow 0-6 yellow 
0-3 blue 
After standing 2 min. 
0-6 red 
0-9 yellow 
0-3 blue 
_- 0-3 red 
0-6 yellow 
No perceptible blue 


0-8 red Forms a white precipitate 
4-0 yellow 

3-0 red 11-2 blue 

0-2 blue — yellow 


0-2 yellow 


30-0 yellow 59-0 blue 


7-5 red 13-6 yellow 


liver oil 
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Fig. 3. Herring-body oil (Schmidt-Nielsen), 
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Fig. 5. Herring-liver oil. 


Salmon-body oil did not produce any appreciable amount of growth in any 
of the five rats employed, in doses of 10, 50 or 100 mg. Four of these rats 
showed a normal response when later the supplements were changed to 2 mg. 
of salmon-liver fat (Fig. 1). Rat No. 14, however, rapidly declined in weight, 
had acute ophthalmia of both eyes and died after 13 days. Ophthalmia was 
also acute in rat No. 10, of a moderate degree in rat No. 4, and only as a trans- 
lucent film on the cornea of rats No. 15 and No. 16. 








Nature of the oil Rat No. 

Salmon-body oil 10 

14 

4 

15 

16 

Herring-body 37 

oil 42 

57 

34 

36 

Herring-body 33 

oil (Schmidt- 56 

Nielsen) 71 

30 

25 

Basking shark- 36 

liver oil 41 

(Schmidt- 48 

Nielsen) 32 

44 

55 

47 

Herring-liver 27 

oil 26 

; 28 
Salmon-liver oil 5 
6 
21 
23 
13 
24 
f 
15 
16 
32 


41 


Weight g. 
@ 
oO 


Herring-body oil was also tested in doses of 10, 50 and 100 mg. Some of the 
test rats showed a slight tendency to grow during the first two weeks, then 
became steady in weight and finally declined showing ophthalmia and other 
symptoms of vitamin A deficiency. Only rat No. 37 showed an appreciable 
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Table II. Biological tests. 


Total time Total change 


Dose of test 
Sex (mg.) (days) 
3 10-0 27 
3 10-0 13 
2 50-0 17 
3 100-0 20 
Q 100-0 20 
3 10-0 42 
3 10-0 6 
2 10-0 7 
3} 50-0 25 
3 100-0 24 
é 10-0 67 
Q 10-0 10 
3 10-0 24 
3 50-0 25 
i 100-0 22 
3 1-0 10 
2 2-0 16 
2 2-0 65 
3 10-0 23 
2 10-0 10 
3 10-0 15 
¢ 20-0 16 
3 2-0 19 
Q 4-0 19 
3 4-0 19 
3 0:3 33 
3 0-5 33 
3 1-0 30 
2 1-0 30 
3 2-0 30 
3 2-0 30 
9 2-0 16 
3 2: 14 
Q 2- 14 
3 2-0 17 
Q 2-0 28 


* 0-3 mg,dose 


Fig. 6. Salmon-liver oil. 
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degree of growth by increasing 20 g. in the first 20 days of the test. Later its 
weight declined, and it finally died on the 42nd day, having acute ophthalmia 
of both eyes during the last week. 

Herring-body oil obtained from Dr Schmidt-Nielsen was tested in the same 
doses as the other herring-body oil, but four of the rats showed no growth and 
generally rapidly declined in weight. Rat No. 33, however, like the one men- 
tioned in the last paragraph, put on weight in the first 3 weeks, then steadied, 
declined and died with all the symptoms of vitamin A deficiency. In view of 
such abnormal cases it is wise to maintain the test for at least 5-6 weeks before 
conclusions regarding the vitamin A potency are reached. The importance of 
a long test period has been emphasised by Coward and Key [1928] and 
Drummond and Morton [1929]. 

The liver oil of the basking shark was tested in doses of 1, 2, 10 and 20 mg. 
and gave negative results. Some of the rats after 3 weeks of declining weight 
were given 2 mg. of salmon-liver oil and promptly showed a very rapid response 
in growth (Fig. 4). 

The herring-liver oil gave normal growth in doses of 2-4 mg. (Fig. 5). The 
limited quantity of the oil did not permit further tests with smaller doses or 
for longer periods. 

The salmon-liver oil was as potent biologically as was to be expected from 
its colorimetric reaction. As the tests presented in Table II will show, it gave 
appreciable growth in doses of 0-3 and 0-5 mg. per day and a very good 
response in 1-0 and 2-0 mg. doses (Fig. 6). 


DISCUSSION. 

The biological results are, we think, in reasonably good agreement with the 
colorimetric tests. The three body oils of herring and salmon, and the liver oil 
of the basking shark neither gave a positive colorimetric test nor showed 
activity in the biological tests. An average sample of cod-liver oil which induces 
normal growth by a dose of 2-4 mg. per day shows colorimetrically about 
10 blue units in 10 % dilution. The herring-liver oil with 11-2 blue units is 
found to be biologically active in a dose of 2 mg. The salmon-liver oil which 
shows 59-0 blue units is active in 0-3 mg. dose. The results agree with each 
other as well as can be expected, having regard to the variations to which the 
biological test is liable [Drummond and Morton, 1929]. 

The results of the colorimetric tests are similar to those recorded by 
Schmidt-Nielsen, except that he obtained 150-200 blue units for his sample of 
salmon-liver oil. In view of the probability that Schmidt-Nielsen refers his 
units to 20 % dilutions, as was originally proposed by Carr and Price [1926], 
it must be borne in mind that the intensity of the blue colour is not in strict 
mathematical relation to the dilution employed. In higher dilutions the curve 
slopes away from the intensity axis, 7.e. the observed intensity is lower than 
the calculated one. This point has also been emphasised by Wokes and Willi- 
mott [1927, 1, 2]. If an oil gives 10-0 blue units in 1 °% dilution, it will usually 
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give values of the order of 60-65 units in 10 % dilution and not 100 units 
as would be expected, though the steepness of the curve varies with the in- 
dividual oils. The apparent disagreement between the two colorimetric tests 
for salmon-liver oil may arise because Schmidt-Nielsen refers his units to 20 % 
dilutions and obviously calculates them from a lower dilution. 

The biological results of Schmidt-Nielsen deviate very widely from ours. 
His animal tests led him to assign 50-100 units (U.S.P.) to a number of samples 
of herring-body oils, and 100 units (U.S.P.) to the sample he so kindly sent us 
for a comparative test. Our examination of this sample failed to detect the 
presence of appreciable amounts of vitamin A in doses as high as 100 mg. The 
sample of the basking shark oil prepared by him in June 1925, and tested 
biologically in his laboratory in the beginning of 1926, gave him a value of 
10,000 units (U.S.P.). Tested again in the middle of 1927, its biological value 
was only 500-1000 units (U.S.P.), whilst the colour test applied about the 
same time was negative. This same oil was tested by us in June 1929, and, as 
reported above, yielded both colorimetrically and biologically negative results. 
The sample of salmon-body oil tested by Schmidt-Nielsen was active to a 
degree represented by 20-30 units (U.S.P.) whilst our sample was inactive in 
doses up to 100 mg. His sample of the salmon-liver oil contained 600 units 
(U.S.P.) while the test carried out by us indicated an activity of the order of 
over 3000 units (U.S.P.). 

Recently Schmidt-Nielsen [1929] has published additional evidence in 
support of his view that there is no agreement between the colorimetric and 
the biological tests. These experiments cover several additional examples, 
namely, the body oil of halibut and the blubber oil of whale, both showing 
negative colorimetric tests and 30-40 biological units (U.S.P.): the liver oils 
of rabbit-fish and the little spinous dog-fish giving 0-2—1-5 blue units and 300 
biological units (U.S.P.): and the liver oils of salmon and halibut giving 200 
and 700 blue units respectively. In his first experiments Schmidt-Nielsen 
found the biological activity of these last mentioned oils to be of the same order 
as the common cod-liver oil, but in this communication he states that on 
extending his animal experiments to smaller doses they were found to be 
considerably richer in vitamin A, and one of them (halibut-liver oil) gave 
as much as 25,000 units (U.S.P.). 

Schmidt-Nielsen’s results can be grouped into two categories. In the first 
place there are the oils which, according to him, give a negative colour reaction, 
but a varying, though appreciable, degree of biological activity. Such are the 
body oils of herring, sprat, mackerel, halibut and salmon, the blubber oil of 
whale, and the liver oils of the rabbit-fish, dog-fish, and basking shark. Some of 
these have only a very small degree of activity, 20-40 units (salmon and halibut- 
body oils and the blubber oil of whale). Others are rather more active, 50-100 
units (herring-body oils), whilst a third group possesses a moderate degree of 
activity, 300-1000 units (liver oils of the rabbit-fish, dog-fisn and basking 


shark). 
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The other class consists of the liver oils of certain bony fishes, e.g. salmon 
and halibut, which give a very intense blue colour reaction but show a com- 
paratively low biological activity. 

We have confirmed Schmidt-Nielsen’s observation that the oils in the first 
category yield very weak or negative colorimetric tests. It is between the 
results of his biological tests and ours that the serious discrepancy arises, and 
it is not a simple matter to arrive at a satisfactory explanation, unless details 
of the tests employed in the two laboratories are closely compared, especially 
in regard to the breeding and diet of the stock animals, the length of the test, 
and range of doses tested, the number of animals employed to test each dose 
and the variations in response of individual animals. It is important, however, 
to remember that unless rather large numbers of animals are employed for 
each test, the results of biological experiments cannot be fairly expressed in 
such units as those proposed by the United States Pharmacopoeia. According 
to this unfortunately premature method of assay, a 10 mg. dose is equivalent 
to 100 units and one of 12 mg. to 80 units, if they both induce a weekly growth 
of the order of 2-4 g. In our experience it is a difficult enough matter in many 
cases to differentiate between the responses given by 10 and 20 mg. doses, and 
it is impossible to attach importance to values based on differences which would 
not bear critical examination. 

In view of the observations made in this laboratory on the sensitivity of 
the biological test [Drummond and Morton, 1929] the values of 20, 30 and 40 


units given to some oils by Schmidt-Nielsen have, in our opinion, no real 


significance. 

They can be interpreted as indicating that the oils in question are of low 
vitamin A value, but it is impossible to regard them in any sense as quantitative. 

Actually, we are inclined to attribute many of the apparent discrepancies 
between results of the biological tests carried out by Schmidt-Nielsen and those 
obtained by us to his applying the U.S.P. method of evaluation to unsuitable 
cases, namely those of oils of low vitamin A content. 

In view of the errors associated with the colorimetric assay, to w nich atten- 
tion has been drawn, and those of very much more serious dimensions that are 
almost inseparable from the biological test, unless very large numbers of 
animals are used, it seems unreasonable to seek an exact quantitative relation 
between the two methods. The nature of the relationship has been considered 
in a previous study [Drummond and Morton, 1929], and, bearing in mind the 
limitations of both methods, we consider that the results of the biological and 
colorimetric tests described in the present paper are in satisfactory agreement. 

In the biological tests, cases are sometimes encountered in which an appre- 
ciable amount of growth is observed during the first week or two in which 
the supplement is given. The growth is, in these cases, not maintained and is 
followed by a rather sharp decline and the sudden onset of deficiency symptoms. 
Such animals probably carry with them into the testing period a reserve of 
the vitamin which is not entirely depleted during the preparatory period. 


3—2 
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The disagreement between Schmidt-Nielsen’s colorimetric and biological 
tests of the oils in the second category, namely, halibut and salmon-liver oils, 
is easily explained. It has been shown above that the results of his colori- 
metric tests, having been calculated from low dilutions, are much higher than 
their real values. The complete results of his biological experiments are not yet 
available, but in his later communication referred to above [Schmidt-Nielsen, 
1929] he has stated that these oils which he first believed to be of the same order 
of biological activity as a common cod-liver oil, having now been tested in 
smaller doses, prove to be much richer in vitamin A than he had expected. 
In the case of halibut-liver oil he obtained growth in daily doses of 0-04 mg. 
(25,000 units U.S.P.), which appears to be in good agreement with its colori- 














metric value. 
SUMMARY. 











Schmidt-Nielsen, on the basis of a comparative colorimetric and biological 
assay for vitamin A of a number of fish oils, has claimed that there is no relation 
between the results obtained by the two methods, and consequently concluded 
that the blue colour reaction with AsCl, or SbCl, is not specific for vitamin A. 

Six samples of fish-body and -liver oils, including two samples kindly 
supplied by Dr Schmidt-Nielsen, have been examined both colorimetrically 
and biologically for vitamin A. The results of animal tests agree within rea- 
sonable limits with those of the colorimetric method, although we make no 
claim that the colour reaction is specific. 

The disagreement between Schmidt-Nielsen’s results and ours is due possibly 
to differences of technique, and to his attempting to express the results of the 
biological test, which is liable to wide variations, in terms of the units proposed 
by the United States Pharmacopeeia. 

This is especially liable to lead to erroneous results when oils of low vitamin 
A content are examined. 
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I. The preservative action of potassium metabisulphite 
and lemon rind oil. 


TuE first work on the preservation of the antiscorbutic vitamin was performed 
by Davey [1921], who found that lemon juice could be preserved satisfactorily 
at a low temperature (about 0°) by both potassium metabisulphite and lemon 
rind oil respectively. At laboratory temperature preservation was unsatis- 
factory in the case of metabisulphite, but reliable in that of rind oil. At 37°, 
neither rind oil nor metabisulphite was satisfactory. An interesting result of 
Davey’s work lies in the fact that apparently 0-09 °% metabisulphite is less 
satisfactory in its preservative effects on the antiscorbutic vitamin than is 
0-06 % metabisulphite. This suggests that metabisulphite (or actually sulphur 
dioxide) has a destructive effect on vitamin C. Delf [1925] states that lemon 
juice containing added metabisulphite retains its flavour well after storage for 
4} years at laboratory temperature, but that in the case of juice containing 
0-06 % metabisulphite, only one-sixth of the original antiscorbutic potency 
remained after this time. Over a period of time, the preservative effects of 
0-06 % metabisulphite and lemon rind oil respectively were similar, and were 
superior to that of 0-09 % metabisulphite. 

A survey of the literature on the behaviour of the antiscorbutic vitamin 
shows that it is relatively stable in acid solutions, but is destroyed rapidly in 
alkaline solutions in the presence of air [Harden and Zilva, 1918; Hess and 
Unger, 1919]. Oxidation has a definite destructive action on the potency 
of active solutions of vitamin C [Hess and Unger, 1921; Zilva, 1921; Dutcher, 
Harshaw and Hall, 1921]. Zilva [1923] finds that, whilst in the presence 
of air vitamin C is rapidly destroyed in alkaline solution, in the absence of 
air destruction is prevented. More recent work by Zilva [1927] shows that 
the stability of the antiscorbutic vitamin runs parallel with the presence 
of a reducing factor which he estimates by titration with phenolindophenol 
in neutral solution. Whilst the vitamin and the reducing factor are two 
distinct substances, the reducing factor being destroyed more rapidly than 
vitamin C, he finds that in all cases there is a distinct parallelism between the 
two substances. In a later paper Zilva [1928] suggests that “the stability of the 
antiscorbutic factor in lemon juice is conditioned by the presence of a reducing 
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principle and of a factor, the functioning of which is destroyed by heat. 
... The reducing property of the solution acted as a ‘reduction buffer’ for the 
antiscorbutic vitamin.” “Although acidity does not prevent the destruction 
of this last factor” (the heat-labile) “by heat, it exercises definite protection 
of the reducing and antiscorbutic principles after anaerobic heating.”’ Szent- 
Gyérgyi [1928] suggests that this reducing factor is identical with the hexuronic 
acid which he isolated from various juices and which plays an important 
function in peroxidase systems. 

The present investigation is an attempt to develop the work initiated by 
Davey and Delf, and to discover the conditions necessary for satisfactory 
preservation of vitamin C in lemon juice. 


EXPERIMENTAL. 


All samples of lemon juice used in this investigation were stored (while in 
the laboratory) in well-stoppered bottles (previously sterilised in a steamer) 
at room temperature. The temperature was constant between 15° and 18° during 
the tests. After storage, the juices were administered in daily doses to young 
guinea-pigs of approximately 300 g. weight, kept on a basal diet of bran and 
oats with water ad libitum. Vitamins A and D were supplied daily in the form 
of cod-liver oil (0-05-0-1 g. daily per animal). On this basal diet the guinea- 
pigs grow well until the onset of scurvy. Immediately before administration, 
the juice was partly neutralised with calcium carbonate, a procedure which 
does not involve any destruction of the vitamin as was shown by a blank 
experiment. During the progress of the experiment, the characteristic symp- 
toms of scurvy were noted and post-mortem examinations were carried out on 
each animal. Throughout this series of experiments the presence or absence 
of characteristic haemorrhages and beading of rib junctions was taken as the 
decisive factor in diagnosing scurvy. 

As far as possible, the minimum protective dose of juice was used to define 
antiscorbutic potency. Where no actual determination of the minimum pro- 
tective dose was made, the time taken to develop scurvy on any particular dose 
of juice was assumed to give a reasonable idea of the antiscorbutic potency. It 
is, of course, realised that this latter procedure is only approximate, since 
guinea-pigs vary considerably in the time taken to show symptoms of scurvy. 
When, however, three or more guinea-pigs, receiving doses varying between 
1-5 and 3-5 cc., show symptoms of acute scurvy after 20-30 days, it is evident 
that the juice in question contains very little antiscorbutic vitamin. 


Comparative effects of potassium metabisulphite and lemon rind oil. 


Fresh lemons were cut in half and squeezed by hand on a glass squeezer. 
The expressed juice was filtered through fine muslin and was then kept in 
previously sterilised stoppered Winchester quart bottles. The required amounts 
of potassium metabisulphite and lemon rind oil were added to the respective 
samples as follows: 0-02 % potassium metabisulphite, 0-07 %, 0-275 %, 0-5 % 
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and 1-1 % lemon rind oil. After storage for 2} months at room temperature 
the juices were administered to young guinea-pigs in daily doses ranging from 
1-0 ce. to 3-5 ec. (Table 1). 

The results in Table I indicate that lemon rind oil is a better preservative 
than 0-02 %, potassium metabisulphite from the point of view of gross 
fermentation and mould growth as well as from that of antiscorbutic potency. 
Moreover, it is seen that although the juices preserved with 0-275 % rind oil 
and above are better preserved in the gross sense, they are if anything slightly 
less potent in vitamin C than the juice preserved with 0-07 % rind oil, 7.e. one- 
sixteenth of the proportion of rind oil to juice normally present in the average 
fresh lemon. 

Following on this, samples of lemon juice were obtained from Sicily, pre- 
served with 0-04 % potassium metabisulphite and 0-07 % and 0-275 % rind 
oil to test the relative preservative action of rind oil and metabisulphite under 
commercial conditions. In addition, a further sample was sent over in a cask 
which had been fumigated with a weak sulphur fume (SO,) immediately before 
the juice was introduced into the cask. This last sample contained no other 
preservative. With the exception of the juice preserved with 0-04 °%% potassium 
metabisulphite, all the samples had fermented as was evidenced by the escape 
of gas when the samples were opened. It is to be noted that 0-04 % meta- 
bisulphite is a satisfactory preservative against gross fermentation, whereas 
0-02 % metabisulphite, as used in the previous experiment, is unsatisfactory. 
Table II summarises the condition of the various samples of juices on arrival. 


Table II. Condition of preserved juices. 


Sample of 
juice Treatment Condition 


A Preserved with 0-04 % metabisulphite No fermentation: juice clear 
B - s 0-07 % rind oil Juice cloudy: some fermentation 
C 0:275% ,, 


D Cask sulphured Juice cloudy and fermented 


As preservatives against fermentation, rind oil and mere sulphuring of the 
cask are definitely inferior to 0-04 % potassium metabisulphite. Only in the 
case of 0-04 °% potassium metabisulphite was a palatable juice obtained. 

From the date of pressing until the commencement of the experiment 
about a month elapsed. During this time the juices were exposed to the treat- 
ment ordinarily undergone by commercial imported lemon juice. Doses ranging 
from 1-0 cc. to 3-0 cc. each of the four samples were administered to the test 
guinea-pigs (Table ITI). 

From these results it will be seen that the findings of the laboratory 
experiment are confirmed under commercial conditions with respect to the 
effect of metabisulphite and rind oil on the antiscorbutic vitamin. Here again 
the juice preserved with 0-07 °% rind oil appears to be slightly more potent in 
vitamin C than that preserved with 0-275 % rind oil. An interesting fact is 
found in connection with the potency of the sample kept in a cask which had 
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merely been fumigated with sulphur dioxide. Here the concentration of sulphur 
dioxide was such as to be practically undetectable. This juice had preserved a 
high proportion of its antiscorbutic potency, in contradistinction to the sample 
preserved with 0-04 % potassium metabisulphite. These facts show definitely 
that potassium metabisulphite tends to destroy the antiscorbutic potency of 
lemon juice; if not directly, by reacting with some factor on which the stability 
of vitamin C depends. That this latter explanation is probably the case will, it 
is hoped, be shown in a later paper when the effect of potassium metabisulphite 
on the loss of reducing power of lemon juice is reported. 


Table III. Preservative action of potassium metabisulphite and lemon rind oil. 


Dura- 
tion 
of Minimum 
Dose exp. protective 
Sample Animal Sex (cc.) (days) Post-mortem and general conclusions dose (cc.) 
. Lemon 395 Q 1-0 52 Acute scurvy—extensive haemor- > 3-0 
juice + rhages 
0:04 % 329 1-5 43 Acute scurvy—extensive haemor- 
metabi- rhages 
sulphite 2-0 60 Acute scurvy—extensive haemor- 
rhages 
2-5 46 Acute scurvy—extensive haemor- 
rhages 
3-0 74 Acute scurvy—extensive haemor- 
rhages 
24 Acute scurvy—extensive haemor- 
juice + rhages 
0:07 % 98 Slight .scurvy—slight haemor- 
rind oil rhages, femur 
98 Very slight beading of rib junction. 
No haemorrhages 
98 Quite normal and healthy 
98 Quite normal and healthy 
30 Scurvy—slight haemorrhages 
Slight scurvy—slight haemor- 
rhages 
87 Slight scurvy—liver and kidney 
diseased 
99 Quite normal and healthy 
99 Quite normal and healthy 
. Lemon 98 Slight scurvy—slight haemor- 
juice in rhages 
sulphured 91 Slight scurvy—haemorrhages, fe- 
cask mora, etc. 
: 2-0 98 Very slight scurvy—very slight 
haemorrhages 
310 Q 2-5 98 Quite healthy 
342 2 3-0 98 Quite healthy 


It has been stated that, except in the case of the juice preserved with 0-04 % 
potassium metabisulphite, the samples of imported lemon juice had fermented 
and were rather unpalatable. Davey [1921] and Zilva [1924] have stated 
previously that the sugar in lemon juice may all be fermented without any 
appreciable destruction of the antiscorbutic fraction. This is the case in the 
samples of juice used in this experiment. Whilst potassium metabisulphite (or 
sulphur dioxide) is undoubtedly the best preservative of lemon juice from the 
point of view of fermentation, it tends to destroy the antiscorbutic vitamin. 
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The rate of loss of antiscorbutic potency of lemon juice preserved 
with 0-04 % potassium metabisulphite. 


It has been shown above that at laboratory temperature, lemon juice 
preserved with 0-04 % potassium metabisulphite for approximately 1 month 
had lost at least 50 % of its antiscorbutic potency. It is of interest to determine 
how quickly the antiscorbutic potency of lemon juice preserved with meta- 
bisulphite is lost. 

A three weeks’ supply of lemon juice was pressed weekly, the pulp being 
removed by filtration through muslin. The requisite amount of potassium 
metabisulphite was added. Three lots of guinea-pigs were taken for this experi- 
ment and daily doses of 1-5, 3-0, and 4-5 cc. were given. At the end of the first 
week, the juice was administered to one lot of guinea-pigs and continued for a 
week. They received juice which had been preserved an average of 10-11 days. 
At the end of three weeks the second set of guinea-pigs received the juice; this 
was given for 1 week so that the juice they received had been preserved an 
average of 25 days. The third set of guinea-pigs received the juice after 5 weeks; 
this juice was preserved for an average of 39 days. By this means the loss of 
vitamin C potency in the juice was followed over a period of 39 days (Table IV). 


Table IV. 


Dura- 
tion of 
Dose exp. 
Juice Animal Sex (cc.) (days) Post-mortem and general conclusions 
Preserved 451 2 1-5 96 No scurvy—healthy 
1] days 452 3-0 96 No scurvy—perfectly healthy 
453 4-5 96 No scurvy—perfectly healthy 
Preserved 455 3 1-5 36 Acute scurvy—severe extensive haemorrhages and 
25 days beading of rib junctions 
454 3 3-0 72 Acute scurvy—severe extensive haemorrhages and 
beading of rib junctions 
456 2 4:5 94 No scurvy haemorrhages: very slight beading of rib 
junctions: apart from digestive disorders quite 
healthy 
Preserved 460 2 1-5 24 \ Severe extensive haemorrhages and beading of rib 
39 days 462 2 3-0 29 junctions 
461 2 4-5 29/ Acute scurvy 


From Table IV it will be definitely seen that the loss of antiscorbutic 
potency of lemon juice preserved with 0-04 %, metabisulphite proceeds with a 
measurable velocity. It is hoped to demonstrate in a later paper that this loss 
of vitamin potency is to a certain extent parallel with the loss in reducing 
power of lemon juice preserved under identical conditions. The fact that vitamin 
potency and reducing power are present together has been noted previously 


by Zilva [1927]. 


II. The effect of acidity on the preservation of vitamin C. 


It is a generally established fact that vitamin C is more stable in acid 
solutions than in alkaline solutions [cf. Zilva, 1923]. Moreover, high acidity 
also inhibits the growth of most bacteria and moulds. It was thought, therefore, 
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that an addition of acid to lemon juice would serve as a preservative both for 
the antiscorbutic vitamin and also against gross fermentation. With this end 
in view, a sample of juice made up to py 1-6 with hydrochloric acid was im- 
ported from Sicily. On its arrival (about 1 month after pressing) the juice was 
examined and fed to test guinea-pigs (Table V). 


Table V. The preservative action of hydrochloric acid in lemon juice. 


Dura- 
tion 
of 
Dose exp. 
Sample Animal Sex (cc.) (days) Post-mortem and general conclusions 
Lemon 316 3 1-0 92 No apparent scurvy—slight haemorrhages on jaw, 
juice + otherwise healthy 
0-3 % HCl 335 Q 1-5 92 No apparent scurvy—slight haemorrhages on jaw, 
(Px 1-6) otherwise healthy 


308 g 2-0 92 No apparent scurvy—slight haemorrhages on jaw, 
otherwise healthy 

311 re 2-5 92 Quite normal and healthy 

319 3 3-0 92 Quite normal and healthy 

From this table, lemon juice preserved for 1 month with 0-3°% HCl 
(pq 1-6) was as potent as fresh lemon juice as an antiscorbutic. It was not 
preserved in the gross sense however. The juice on arrival was yellow, cloudy 
and fermented. This sample of juice was tested for its antiscorbutic potency 
after a further 12 months’ storage and was found to have preserved its potency 
intact, 1-5 cc. being a protective dose for a guinea-pig. 

It was next deemed desirable to ascertain whether there was an optimum 
acidity for the stability of the antiscorbutic vitamin, when kept under ordinary 
laboratory conditions, and whether the acidity of the juice could be increased 
still further to inhibit mould growth and fermentation, at the same time 
maintaining a palatable juice rich in the antiscorbutic vitamin. 

Fresh lemons were squeezed and the juice obtained as described above. 
Samples were adjusted to py 1-8, 1-4, 1-0 and 0-6 with pure HCl, whilst one 
sample was made up to py 3-0 with alkali. These samples together with a sample 
of ordinary (unpreserved) lemon juice were kept at room temperature (15°- 
18°) for 7-8 months in sterilised bottles, at the end of which time they were 
fed in doses corresponding to 1-0-3-0 ce. to young guinea-pigs. Immediately 
before administration to the test animals, the various samples were brought 
to the same p,,, namely that of fresh lemon juice (py 2-2) with standard alkali 
(or acid in the case of the less acid juice), the dilution of the juice being allowed 
for in the calculation of the size of dosage (Table V1). 

It is apparent from Table VI that vitamin C is destroyed both in the more 
acid solutions above py, 1-8 and in the solution at py 3-0, though in the last 
case to a much smaller extent. In the solutions of py 1-4 and less it appears 
that the vitamin is completely absent. 

On keeping these solutions it was noted that in addition to the precipitate 
of pulpy material which invariably shows itself in solutions of lemon juice, a more 
flocculent precipitate appeared. The bulk of this precipitate increased as the 
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latter solutions developed a dark brown colour, the depth of which also varied 
with increase in acidity. This is possibly evidence of hydrolysis of the protein 
and carbohydrate of the juice. In these latter solutions no evidence of mould 
growth or fermentation was detected, whereas in the solutions at py 1-8 and 2-2 
a slight growth of mould was noted. No great degree of discoloration took 
place in these two solutions. In the juice adjusted to py 3-0 mould growth 
and strong evidence of alcoholic fermentation were noted. The main result of 
this'experiment is that the antiscorbutic vitamin system is shown to be most 
stable in the region of the natural p, of lemon juice, 7.¢. py 1-8-2-2. 

To test whether any precipitation of the vitamin took place in the more acid 
solutions of juice (py 1-4 and above), the residues of these juices were made up 
with distilled water to a total volume which was 2 of the original juice pre- 
served. Immediately before administering to test animals, the samples were 
shaken up well to ensure perfect mixing. 10 cc. of each sample were taken and 
brought to the normal p,, of lemon juice, the final volume being in each case 
20 ce. Daily doses of 2-0 cc., 4-0 cc. and 6-0 cc., corresponding to 1-5, 3-0, 
4-5 cc. of the original juice were given, the usual technique being followed. 
Precautions were taken to ensure that representative samples were given to 
the test animals, by mixing between each dosage (Table VII). 


Table VII. Residues of juice from experiments in Table VI. 


Dura- 
tion of 
Sample of Animal Sex Dose exp. 
juice (ce.) (days) Post-mortem and general conclusions 
Residue from 429 Q 1-5 19 All these guinea-pigs were found to show severe 
juice + HCl 436 3 3-0 19 extensive haemorrhages and beading of costo- 
Py 0-6 424 3 4-5 22 chondral junctions. Acute scurvy 
Residue from 427 2 1-5 19 
juice+ HCl 435 3 30 22 
Py 1-0 43 29 45 19 
Residue from 434 3 1-5 22 
juice + HCl 437 é 3-0 22 
Pu 1-4 48 2 45 19 


From this it will be seen that precipitation of the antiscorbutic vitamin does 
not take place in acid solution but that complete destruction of this factor occurs. 


ItI. The effect of other preservatives on the antiscorbutic 
potency of lemon juice. 


Formic acid and sodium benzoate. 


Two samples of lemon juice, preserved with 0-05 % sodium benzoate and 
0-25 % formic acid, respectively, were obtained from Sicily. On arrival in the 
laboratory both of these samples had fermented slightly as was evidenced by 
the escape of gas when the samples were opened. It was apparent that the 
preservation against gross fermentation exhibited by these two acids is inferior 
to that by similar amounts of sulphur dioxide in the form of potassium meta- 
bisulphite. Moreover, the palatability of the juices preserved by sulphur dioxide 
was superior to that of those preserved by sodium benzoate and formic acid. 
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From the time of pressing until the commencement of the animal feeding 
tests about a month elapsed. Doses ranging from 1-0 cc. to 3-0 cc. of each of 
the two samples were administered to the test guinea-pigs (Table VIII). 


Table VIII. Preservative action of sodium benzoate and of formic acid. 




















Dura- 
tion 
of 
Dose exp. 
Sample Animal Sex (cc.) (days) Post-mortem and general conclusions 
Lemon 332 3 1-0 50 Slight femoral haemorrhages, sub-maxillary and jaw 
juice + more severe—scurvy 
0-05 % 334 2 1-5 50 Severe haemorrhages—acute scurvy 
sodium 344 3 2-0 74 Extensive haemorrhages—acute scurvy 
benzoate 309 C 2-5 88 Found dead: haemorrhages and emaciated con- 
dition—scurvy 
321 g 3-0 74 Extensive haemorrhages—acute scurvy 
Lemon 307 3 1-0 43 Extensive haemorrhages—acute scurvy 
juice + 328 3 1-5 57 Extensive haemorrhages—acute scurvy 
0-25 % 326 3 2-0 60 Extensive haemorrhages—acute scurvy 
formic 317 3} 2-5 86 Haemorrhages—slight scurvy 
acid 314 3 3-0 96 Haemorrhages—incipient scurvy 


It will be seen that 0-05 % benzoic acid and 0-25 % formic acid are as 
inefficient as 0-04 °% metabisulphite as preservatives of the antiscorbutic 
vitamin. Furthermore, they keep the juice neither palatable nor of good 


colour. 
Essential oil of cloves. 


Essential oils, such as oil of cloves, which have mild antiseptic properties, 
have been used for the preservation of wine and other substances which suffer 
deterioration from fermentation. A sample of juice pressed in the laboratory 
and preserved with 0-1 % oil of cloves was kept for 4-5 weeks at room tem- 
perature. No signs of mould growth or fermentation could be detected and 
the sample of juice was palatable and of good colour (Table IX). 


Table IX. Preservative action of oil of cloves. 


Dura- 
tion 
of 
Dose exp. 
Sample Animal Sex (cc.) (days) Post-mortem and general conclusions 
Juice + 419 2 1-5 23 Extensive haemorrhages and beading of rib junctions 
0-1 % oil —acute scurvy 
of cloves 412 3 2-0 23 Extensive haemorrhages and beading of rib junctions 
—acute scurvy 
421 © 2-5 23 Femoral haemorrhages: slight beading of rib junc- 
tions—scurvy 
422 2 3-0 23 Femoral haemorrhages: slight beading of rib junc- 


tions—scurvy 


It will be seen that a daily dose of 3-0 cc. of lemon juice preserved with 
0-1 % oil of cloves is insufficient to protect against scurvy over 23 days. In 
fact, it appears that the antiscorbutic potency is lost as completely as with 
potassium metabisulphite 
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Glucose and sucrose. 


Since sugars and syrups are employed in the preparation of concentrated 
and dried fruit juice, it appeared advisable to test whether sucrose and glucose 
acted as preservatives for vitamin C in fresh lemon juice. 

Small samples (400 cc.) were placed aside in March 1928, preserved with 
30 % glucose, 10 %, 20 %, 30 % and 50 % sucrose. 

In February 1929, 7.e. 11 months after storage, the appearance of the juices 
was noted (see Table X). 


Table X. 
Sample Appearance Remarks 
Juice + 30 % glucose Slight mould All the samples smelt as if slightly 
Juice + 10 % sucrose Slight mould fermented and there was a slight 
Juice + 20 % sucrose Slight mould gas evolution 
Juice +30 % sucrose No mould 
Juice +50 % sucrose No mould 


Daily doses of 1-5 cc. and 3-0 cc. of three of these samples, lemon juices 
preserved with 30 % glucose, 10 %, and 30 % sucrose respectively were fed 
to experimental guinea-pigs, the usual technique being followed (Table XJ). 


Table XI. Preservative action of glucose and sucrose respectively. 


Dura- 
tion 
of 
Dose expt. 
Juice Animal Sex (cc.) (days) Post-mortem and general conclusions 
Lemon 445 Q 15 24 Scurvy. Femoral and costochondral haemorrhages and 
juice + beading 
10% 447 3 3-0 21 Acute scurvy. Severe extensive haemorrhages 
sucrose 
Lemon 448 2 1-5 19 Acute scurvy. Femoral haemorrhages and beading of 
juice + costochondral junctions 
30% 449 2 3-0 19 Acute scurvy. Femoral haemorrhages and beading of 
sucrose costochondral junctions 
Lemon 444 2 1-5 26 Very small haemorrhages, femur and costochondral 
juice + junctions: no beading or other scurvy symptoms. 
30 % Emaciated condition 
glucose 446 2 3-0 48 No characteristic scurvy, haemorrhages or beading. 


Very emaciated condition 


Judging from the condition of the samples of lemon juice, the various 
concentrations of sugar were sufficient to inhibit to a great extent the growth 
of bacteria and moulds. This is in virtue of the osmotic effect. When the anti- 
scorbutic potency of the juices is compared an interesting difference between 
the behaviour of the two sugars, sucrose and glucose, is noted. 

The juices preserved with sucrose had lost all their antiscorbutic potency, 
the test animals having developed acute scurvy within 3 weeks. Unfortunately 
the test of the juice containing glucose could not be carried to a conclusive 
point as the animals became emaciated and suffered from digestive troubles, 
probably as the result of the high concentration of glucose. Whilst it cannot 
be said definitely that glucose is a good preservative for the antiscorbutic 
vitamin, it is obvious that there is an essential difference between the reducing 
sugar, glucose, and the non-reducing sugar, sucrose, in connection with 






















Uo!Pe;USULIE; pus 9 MOIS pfnouwl FysITS 
UOTPRIUOULIOZ YYSTS ‘yJAOIS prnout ON 
UOT}VJUITAIOT PUB YZMOID prnouw yysITS 

UOT}VPUSULIOJ OU SINO[OO Pood pure o[qezeeg 
peyuouliey pure Apnoyo “uMOIg 
poyueutey puw Apnojo ‘uMorg 
WO1ZVJUSULIG} OI[OYOo[e pure yymors prnow Aavoxy 
UOTPVPUSULIOJ O[OYOoTe puw yyMoIs ppnow Aavop, 

eomnl Jo Surusyep pu plnout Jo yyMoIs 4YysIg 

eornt 
oy} ut ulojzoad jo sisfjorpAy 03 onp Ajqissod ‘umoiq 

pouin} ooml oy], ‘UoIe}UOUIOy JO YYMOIS pjnou ON) 
pojuouloy ATpeg 

pozyuoulley pure Apnojo ‘Mo]jo x 
uol}eyUSUIIOF OUOS : APNOTH 
uoT}BIUOUIOF OUIOS : ApNo[D 

Sp]noul ou : BETO 

sp[nour ou :1veI() 

spjnoul ou :Apnoyo ATYysITS 

Sp[nout Jo YyMOoLd yYydYs :Apnopo AYYIITG 
poyuouey pue Apno[y 

UOTPEJUSULIOF OU ?1BOIL) 

uo spjnou jo yyMoId AAvoy :anojoo MoTOA IETS) 


eoml Jo UOT4yIpUOD |RIOUEx 
my HI ' 


90B}INs 


uolyeAJosoid syyuoUl 
uoleAroseid syyuOUL 
uoneAsosoid syyuou 
uoljeAdesoid 8.4y}U0UL 
uolzeArosoid §,.yyu0UL 
uolearosoid § yy uU0UL 
uoTyeArosoid syyuoUr 
uoijeAsosoid .syyuoU 
uoljeAdosoid .sy}UOTE 


uol yeArosoid sy yuUOUL 


uolyeAlosoid .syyuOU 
uoleAdoseid 8,yyUOUL 
uoleAdosoid §,.yyuoUr 
uoljeadosoid §.yyuoU 


uolyvasosoid .syyuour § 


uolyeAdosoid .syyuoUL 
uoleAiosoid syyuOU 
uolyeAsdosoid .syyuoUt 
uolzeAdosoid 8,yyUOUL 
uolyeAdJosoid §.yyUOUI 
uolzeAdosoid syyuoUl 


-—e 
-- 


@ oe oe 
re 


| 
~ 


7 
od 


eres 
THR NANN SSS 


nN 
oO 


1a}}ze 
104y7e 
104Fe 
1oqye 
10478 
19qye 
19478 
1a4ye 
19478 


Joqye 


104JR 
1oqye 
1a4jJe 
Jazze 
Joye 
10478 
104 
1oyye 
104je 
J94je 
104Jze 


09 0-€ > 
000-8 < 
‘09 0O-E < 
09 O-E 
00 OE < 
‘00 OE < 
*09 O-€ 
*09 0-Z- 
09 0-Z— 


‘09 OE < 


09 @-[ 
00 GT 
"00 os 
09 G-Z-0°S 
09 GE 
00 G-£-O-£ 
09 G-£-0-€ 
"00 G-Z 


a°G 


09 ¢-3-0-G 
09 OG < 
00 @E < 


esop oAToo}OId wNUTUT 


*S7NSAL fO hanwuny ‘ITX 24% 


esoonts % Og 

esorons % Og 

esorons % OL 

SOAO]O JO 10 % TO 

plow orm0y % 67-0 

oyvozueq uINIpos % 0-0 

(0-¢ 4d) optxorpAy wntpog 

(z-g Hd) ooinl uowne] poasosorduy 
(g-1 Hd) plore o1o[yoorpAH 

( (F- -T Bd) prow oopqooupAy 

4 (0-1 Hd) ptoe orm0pyoorpAyT 

\(9-0 Hd) plow oopqooupAH 

(9:1 Hd) poe ouo[yooupAyy 

(9-1 Hd) prow oporyoorpAH 

[IO pul uot ‘ % CLZ-0 

[lo pull uowey 9% 70 10-0 

[lO pull wOUIE] 30 LT 

[lo pull uoulol / © SO. 

[lo pul uowoy ‘ 70 GLZ-0 

[to pula uo, % 10-0 

ysevo poanydyns ur ydoy comp 
mulmauae wnissejod % #0-0 
oztydynsiqeyour unisseyod % 70-0 


OAIZVAIOSOLT 











PRESERVATION OF VITAMIN C IN LEMON JUICE 49 


vitamin C. The animal receiving 1-5 cc. of the juice containing glucose showed 
no definite signs of scurvy after 26 days, while that receiving 3-0 cc. showed no 
symptoms after 48 days. It may be gathered therefore that this sample of 
juice retained a fair amount of its antiscorbutic potency, but no definite 
conclusions can be drawn. 

Discussion. 


Table XII summarises the results on the effect of various preservatives 
on lémon juice given in the present paper. 

These results are very striking. They indicate that those substances which 
exert the strongest preservative effect against gross fermentation possess the 
greatest destructive action on the antiscorbutic vitamin system. The juice 
which contained no added preservative retained its antiscorbutic potency to 
a great extent. The results with acid are particularly significant, since they 
indicate that the antiscorbutic vitamin is extremely unstable under conditions 
which are detrimental to the development of moulds and bacteria. 


SuMMARY. 

1. Potassium metabisulphite, whilst being the best preservative for lemon 
juice against fermentation, has a definite destructive action on the antiscor- 
butic vitamin at laboratory temperature (15°-18°). This destruction proceeds 
with a measurable velocity. 

2. Lemon rind oil, whilst not preserving lemon juice satisfactorily against 
fermentation at ordinary temperature (15°-18°), is less destructive towards 
vitamin C than potassium metabisulphite. A concentration of 0-07 °% rind oil 
preserves the vitamin potency slightly better than 0-275 % rind oil, indicating 
that rind oil has a slight destructive action on the vitamin system. 

3. The optimal zone of stability of the antiscorbutic vitamin in lemon 
juice at ordinary temperature lies between py 1-6—2-2, that is, in the neigh- 
bourhood of the natural acidity of lemon juice. 

4. Lemon juice adjusted with HCl to p, 1-6 preserves its antiscorbutic 
activity for 14 months at ordinary temperatures. 

5. Sodium benzoate and formic acid exert a destructive action on vitamin C. 

6. Oil of cloves exerts a destructive action on the antiscorbutic vitamin 
comparable with that of 0-04 % potassium metabisulphite. 

7. Sucrose fails to preserve vitamin C in lemon juice. Indications are given 
that glucose may exert a preservative action on the vitamin. 

8. It is pointed out that the antiscorbutic vitamin system is particularly 
unstable under conditions detrimental to the development of moulds and 
bacteria. 


The authors wish to thank the Directors of Messrs J. and J. Colman, Ltd., 
for permission to publish the results contained in this paper. Their thanks are 
also due to Miss E. G. Robotham for her careful supervision and feeding of the 
test animals. 
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THE PREPARATION OF GLUTATHIONE 
FROM YEAST AND LIVER. 


By NORMAN WINGATE PIRIE. 
From the Biochemical Laboratory, Cambridge. 


(Received December 2nd, 1929.) 


Various workers have published modifications of the original Hopkins [1921] 
method for the preparation of glutathione without increasing markedly either 
the ease of the method or the purity of the final product. Hopkins [1929] 
obtained pure crystalline glutathione by a very much simplified technique in 
which the precipitation of glutathione as its crystalline cuprous salt was the 
most important feature. The still more simple method now to be described 
depends entirely for its success on the extreme specificity of this cuprous oxide 
precipitation in acid solution. 

The yield of glutathione by the Hopkins [1929] method is very variable 
although always large; it appeared that the yield became smaller when large 
(4 cwt.) quantities of yeast were used than when only a few kilograms were 
worked up at a time. This loss seemed to be due to the difficulty of washing 
a large mercuric sulphide precipitate so as to remove all the adsorbed gluta- 
thione. An attempt was therefore made to dispense with the precipitation 
with mercuric sulphate. 

The extract obtained on boiling yeast in water was found to give an un- 
satisfactory cuprous salt when cuprous oxide was added directly to the acidified 
filtrate. Treatment with quantities of alcohol varying from 2000 to 150 cc. 
per kg. of pressed yeast was also unsatisfactory, although a filtrate rich in 
glutathione, as estimated by the method of Perlzweig and Delrue [1927], was 
obtained. The filtrates obtained from mixtures of pressed yeast with common 
salt, ammonium sulphate or small quantities of 30 % sulphuric acid contained 
very little glutathione. 

It was observed that the addition of a little ether to pressed yeast resulted 
in the formation of a smooth cream after a few hours’ standing. This was very 
difficult to filter but filtration was much improved by the addition of sulphuric 
acid; acid has the further advantage of diminishing autoxidation in the filtrate. 
In the final method adopted a mixture of alcohol, ether and sulphuric acid is 
used, the concentration of sulphuric acid must be high both on account of the 
great buffering power of yeast and also to prevent frothing which occurs in 
mixtures of yeast, alcohol, ether and insufficient sulphuric acid. This mixture 
filters somewhat slowly but centrifuges easily and where the latter method of 
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treatment is possible it is to be recommended. By this method the preparation 
of glutathione is remarkably easy and, using small quantities of yeast, crystal- 
line glutathione may easily be obtained in 3 days. 

Since this work was completed Kendall, McKenzie and Mason [1929] have 
published a method of preparation in which benzene is used to liberate the 
glutathione from yeast. I had tried toluene and butyl alcohol, adding 5 cc. 
to 100 g. of pressed yeast, but abandoned them in favour of ether. 


EXPERIMENTAL. 

20 ce. of concentrated sulphuric acid are added slowly to 100 cc. of 89 % 
alcohol, the mixture being kept cool; when cold 80 cc. of ether are added. This 
mixture is poured on to 2000 g. of pressed baker’s yeast, coarsely crumbled, 
in a large jar. The mixture is stirred for a few minutes till homogeneous and 
poured on to two large Biichner funnels (it is necessary to put kieselguhr on 
the papers to get clear filtration). Filtration is somewhat slow and after about 
4 hours nearly stops, at this point it is best to pour the fluid upper layer on to 
another funnel and allow the cake to suck dry for a few hours more. Too high 
a vacuum should not be maintained in the filter flask at first since the filtrate 
froths as the ether boils off. 

The combined filtrate amounts to about 1100 cc., a sample is titrated with 
sodium hydroxide using Congo red as indicator (the filtrate is generally just 
acid to Congo red) and the amount of 20 % sulphuric azid necessary to bring 
the filtrate to 0-5 N is added. 

Precipitation with cuprous oxide is carried out as in Hopkins’s method. 
The reaction proceeds satisfactorily at 20° but is somewhat more rapid at 40°. 
About 1 g. of cuprous oxide is required and this is most conveniently added in 
2 ec. lots when suspended in about 30 cc. water. When about half the cuprous 
oxide has been added the salt should be allowed to settle and the mother-liquor 
poured off for further addition of oxide. Ata later stage the addition of cuprous 
oxide will cause the re-solution of some of the cuprous-glutathione compound 
already formed; when this occurs the cuprous salt may be reprecipitated by 
blowing air through the solution for about an hour. The precipitate redissolves 
on very prolonged aeration. Although flocculent and amorphous this compound 
has the normal copper content (17-0 %) and gives crystalline glutathione on 
decomposition. 

A further quantity of glutathione may be extracted from the yeast by 
1000 cc. of 1 % (by vol.) sulphuric acid warmed to about 40°. Mixing is most 
easily effected by hand and the filtrate is treated precisely as before. A third 
extract prepared in the same way will also give some cuprous salt. The com- 
bined extracts from which the cuprous salt has been separated give a copious 
precipitate with the mercuric sulphate reagent used by Hopkins. This, aftez 
removal of the mercury with H,§, gives a further yield of cuprous salt. 

After a preliminary washing on the centrifuge with 0-5 N sulphuric acid 
the cuprous salt must be washed with water till the washings are free from 
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sulphate. This is very laborious if a centrifuge is used since the washing must 
be repeated about ten times. Washing may be carried out by filtration if the 
surface at which filtration is occurring is situated above instead of below the 
precipitate to be washed. A convenient device may be made with two Jena 
sintered glass filters (as some filters of grade 3 allow the precipitate to pass, it is 
safer to use grade 4) of a suitable size. The cuprous salt is put in one and the 
other placed upside down on top, a watertight joint being made with a piece 
of wide rubber tubing. The lower funnel is connected to a reservoir of distilled 
water about a metre above it and the upper one is attached to a flask and 
filter pump. Washing is continued till the filtrate is free from sulphate and 
remains so on shaking the filtration apparatus. 

After decomposition with H,S the filtrate from cuprous sulphide is eva- 
porated to small bulk in a vacuum desiccator at room temperature. If the 
volume of filtrate is too large for this and it is essential to distil in vacuo to 
concentrate the solution, a good pump should be used and the distillation 
carried out at about 25°. Hopkins (unpublished work) has shown that a solu- 
tion of wholly crystalline glutathione is converted in part to a gummy material 
by a few hours’ exposure to a temperature of 40°. Crystallisation is generally 
spontaneous but should the solution reach a syrupy consistency without the 
appearance of foci rubbing with a glass rod will start crystallisation. 

By this method 2g. of crystalline glutathione are obtained from 2 kg. 
yeast. From 25 kg. yeast 31 g. glutathione, of which 29 were perfectly crystal- 
line, were obtained. In this case only 7g. came from the decomposed 
mercury precipitate. This probably represents glutathione which was autoxi- 
dised during the initial filtration and, when small quantities are used, or if 
the mixture is centrifuged, the extra yield does not repay the labour involved 
by mercury precipitation. 

The same method has been applied satisfactorily to liver. In the case of 
rabbit liver, 20 cc. of the alcohol-ether-sulphuric acid mixture are added to 
100 g. fresh tissue and the mixture is ground to a smooth paste with a little 
sand. The filtrate generally requires refiltration through kieselguhr. Pig or 
ox liver is put through a mincing machine before the addition of the alcohol 
mixture. To avoid the autolytic formation of free cysteine in liver these pre- 
liminary operations are carried out as rapidly as possible and in every case the 
Py Of the tissue has been lowered, by the sulphuric acid, to about 2, 7.e. out 
of the range of peptidase action, within 40 minutes of the death of the animal. 
None of the liver preparations has given any colour with the Sullivan reagent 
under conditions such that 0-1 mg. cysteine hydrochloride could be detected 
clearly in the presence of 20 mg. glutathione. It would appear therefore that, 
as Bierich and Kalle [1928] have suggested, only traces of free cysteine are 
present in fresh liver, since it has been shown in this laboratory that cysteine 
forms a cuprous salt similar to that of glutathionet. 

1 Glycyleysteine and glycylcysteine diketopiperazine also form cuprous derivatives. I hope 
to describe these compounds in a paper at present in preparation. 
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On addition of the alcohol mixture, minced liver becomes dry and granular. 
It is therefore squeezed in a press and the extract, amounting to 1080 cc. from 
2300 g. of ox liver and 300 cc. of the alcohol mixture, filtered through kiesel- 
guhr. The filtrate is now treated exactly as in the case of yeast. Glutathione 
prepared from liver by this method is not wholly crystalline and the analytical 
figures have been somewhat low, e.g. N = 12-5 %, S = 9-93 %, while the ash 
is sometimes as high as 2 % (the analyses were made by Mr A. R. Colwell in 
this laboratory). The product seems however, as mentioned above, to be 
free from cysteine. 

Attempts to isolate glutathione by this method from muscle and blood have 
not so far given satisfactory results. 


SUMMARY. 
A simple method for the isolation of glutathione from yeast is given. The 
yield is greater than by any of the methods described hitherto. 


The preparation of glutathione from liver is described. 


I am grateful to Sir F. G. Hopkins for his interest in this work. 
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THE quantitative determination of volatile substances in solution cannot be 
always considered satisfactory for many reasons. 

Some methods of measuring the amount of ammonia (Schloesing) require 
some days for their execution. Folin’s method of blowing air through the solu- 
tion in the cold is attended with some risk of losing a part of the substance with 
too rapid an air current. The same danger is observed in the measurement of 
preformed acetone by the formation of iodoform. 

Starting from Folin’s method, it was decided, in order to eliminate all 
possibility of loss of the substance to be determined, to enclose the whole 
system, as is done in Regnault’s respiration-chamber. A special apparatus was 
constructed based on the following prin- 
ciple. Through the liquor to be analysed | 
air is passed, by means of an air-pump, , 
which carries away the volatile substance | 
and enters, in the form of small bubbles, 
the receiver containing a standard solu- 
tion in which it is absorbed. After passing 
through the standard solution the air is 
again pumped through the liquid by the 
same air-pump and circulates indefi- 


Funnel for 
introducing 
the reagents 






nitely. 

In this way the volatile substance, if 
not absorbed at first in the receiver, is 
repeatedly brought into contact with the 
standard solution and is finally completely 
absorbed. The circulation being effected 
in a closed system, the possibility of any 
loss of substance is eliminated. 

An experiment with our apparatus . 
was executed on a standard solution of sane Substance to 
(NH,).S0,. be analysed 


The amount of ammonia had previously been determined by means of 
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simple distillation with sodium hydroxide and titration. 10 cc. standard 
solution neutralised 18-7 and 18-8 cc. of N/10 acid. 


Amount of 


Time of distillation N/10 H,SO, 

Distilled (min.) neutralised 
10 cc. of standard solution (1) 35 18-7 
(NH,).SO, + 20 ce. 33% (2) 20 18-7 
NaOH without heating (3) 15 18-7 
in our apparatus (4) 10 18-7 


The figures for the determination of ammonia in three different urines 
by means of our apparatus and the method of Krueger-Reich-Schittenhelm 
are as follows. 

N/10 H,SO, neutralised 
accent 





— — To 

Krueger With our 

method apparatus 
25 ec. urine + 10-0 g. NaCl+ 1-0 g. Na,CO,. (1) &7 5-9 
Schittenhelm adds some alcohol; we 5-6 
have used vaselin oil 5-6 
(2) 15-7 15-9 
15-7 
16-1 
(3) 13-7 13-8 
13-8 


A series of experiments with varying quantities of alkali and with alcohol 
(as in the method of Krueger-Reich-Schittenhelm) did not show any advantage. 
Prolonged distillation (more than 20 minutes) with our apparatus did not 
increase the amount of H,SO, neutralised. 

Excellent results were obtained with the apparatus in the determination of 
acetone. 2 cc. of a standard solution of acetone in water required 3-8 cc. of 
N/10 iodine. From the same quantity of standard solution in our apparatus we 
have obtained the same result (3-8 cc.) in 10 minutes. (We have also obtained 
correct results with a micro-apparatus.) 

According to this, we are entitled to claim that the apparatus described 
above, in spite of its technical deficiencies, can be of great use owing to the 
simplicity of the methods used and the almost automatic character of its work, 
greatly shortening the time required for many analyses. 

There is no doubt that the closed circuit system can be utilised in other 
ways in work with volatile substances. 
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HaGEDORN and Jensen’s micro-method for estimating blood-sugar was 
modified by Hanes [1929] to make possible the estimation of larger amounts 
of sugar. Hanes standardised his new procedure for maltose as well as for 
glucose. It has now been found that the method is also applicable to sucrose. 

The first stage in the estimation of sucrose is inversion. A standard 
solution of invert sugar was prepared by the method of Ling and Rendle [1905]. 
0-95 g. of pure sucrose was dissolved in 150 cc. of distilled water; 30 cc. of 
0-5 N hydrochloric acid were added, and the mixture was heated to boiling 
point. Boiling was continued for 1 minute. The solution was then rapidly 
cooled, 30 cc. of 0-5 N sodium hydroxide were added and enough distilled 
water to make 500 cc. This solution was tested by titration with Fehling’s 
solution, using methylene blue as an internal indicator [see Lane and Eynon, 
1923]. The concentration of the invert sugar was found to be exactly right, 
viz. 0-2 g. per 100 cc. 


Invert sugar mg. 


4 L i 4 4 
0 1 7 3 4 5 6 7 8 9 10 11 





ce. 0-01 WN thiosulphate equivalent to ferricyanide reduced 
Fig. 1. 
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This standard solution of invert sugar was used to prepare more dilute 
solutions of known strength. The thiosulphate equivalent of known volumes 
of these dilute solutions was determined by the Hanes-Hagedorn-Jensen 
technique. The estimations were carried out exactly as described by Hanes 
except that the final volume was in each case made up to 15 cc. instead of 
10 cc. Concentrations of invert sugar between 0-2 and 3-5 mg. were used, six 
estimations being carried out for each concentration. The average of the six 
readings was used to construct the thiosulphate equivalent curve (Fig. 1). 
Since it is a straight line, there is a simple relationship between the thiosulphate 
equivalent and the invert sugar, viz. 1 cc. of 0-01 N thiosulphate is equivalent 
to 0-347 mg. of invert sugar or to 0-329 mg. of sucrose. 
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IX. STUDIES ON HEMICELLULOSES. 
I. THE HEMICELLULOSES OF WHEAT BRAN. 
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INTRODUCTION. 


TE term hemicellulose was first proposed by Schulze [1891] as a group name 
for substances entering into the composition of the cell membrane, which, 
though in some respects similar to cellulose, yet differ from it in being soluble 
in dilute alkalis and comparatively easily hydrolysed by dilute mineral acids, 
yielding pentoses in addition to hexoses. 

Although the true physiological significance of the hemicelluloses is for 
the most part obscure, it would seem that they represent partly structural 
and partly reserve materials. Thus, reserve hemicelluloses occur in the kernels 
of seeds, especially such as are poor in their content of starch and fat. In 
such cases, hexoses predominate among the products of hydrolysis. Hemi- 
celluloses fulfilling probably mainly structural functions occur in seed and 
fruit husks, wood, straw, etc. The results obtained by earlier workers seemed 
to indicate that such hemicelluloses were largely composed of pentose residues, 
xylose and arabinose being the chief hydrolysis products isolated. The recent 
work of O’Dwyer (see p. 60), however, has shown that the furfuraldehyde- 
yielding “‘uronic” acids occur in some, at least, of these hemicelluloses, and 
it may be that preponderance of pentose residues is not a universal property 
of substances of this group. 

A typical method of attack was that used by Schulze and Tollens [1892], 
who extracted wheat straw and maize stalks with dilute alkali, precipitating 
the filtrate with dilute acid. Hydrolysis of the product gave xylose in each 
case. Schulze [1892] similarly obtained both arabinose and xylose from the 
brans of wheat and rye. Ulander and Tollens [1906] obtained d-mannose 
and d-galactose from certain reindeer mosses which contained no lichenin. 
Pentosans and methylpentosans were also present. Schulze and Pfenniger 
[1910], investigating the pods of Pisum sativum and Phaseolus vulgaris, found 
them to be rich in hemicelluloses, the amounts of which increased as the pods 
matured. The products of hydrolysis were galactose and arabinose. 

Baker and Pope [1900] obtained mannose and galactose from the hemi- 
cellulose of the Indian clearing nut, while the hemicellulose of the ivory nut 
they showed to be laevulo-mannan. Both these hemicelluloses are to be 
regarded as reserve substances. 
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A careful study of the hemicellulose of the wood of American white oak 
has been carried out by O’Dwyer [1923]. Sawdust from this wood was 
extracted with 4% sodium hydroxide, the extract neutralised with glacial 
acetic acid, and the hemicellulose precipitated by alcohol. The product was 
purified by precipitation from 2% sodium hydroxide solution as a copper 
compound, as described by Baker and Pope [1900], this then being decomposed 
by treatment with dilute acetic acid. The hemicellulose was shown to contain 
some 70 °% of pentose residues, xylan and araban, the former preponderating. 
The hexoses, mannose and galactose, were also identified amongst the hydro- 
lysis products. 

O’Dwyer [1926], following a method indicated by Clayson, Norris and 
Schryver [1921], later separated from beech wood two hemicelluloses with 
distinct physical and chemical properties. Hemicellulose A, obtained by acid 
precipitation of a sodium hydroxide extract, yielded on hydrolysis xylose 
and carbon dioxide, evolved under the conditions described by Nanji, Paton 
and Ling [1925], equivalent to 11 % of glycuronic acid. Hemicellulose B, 
obtained from the acid filtrate from the above by alcohol precipitation, gave 
arabinose and carbon dioxide equivalent to 63 °% of what was shown to be 
galacturonic acid. 

These results, showing that uronic acids, in some cases at least, enter 
into the composition of hemicelluloses, and also the possibility that the 
hemicellulose from a particular source may be split up into a number of 
fractions, indicate a need for revision of much of the earlier work on these 
susbtances. 

Much confusion in nomenclature exists with reference to these so-called 
hemicelluloses. This is largely due to the great variety of plant material 
in which they are to be found and also to the doubt which exists as to 
their exact function. Schryver recognised the necessity for improvement 
in the nomenclature of these substances, and recently suggested the term 
““polyuronide” to describe substances in which uronic acids are found in 
conjugation with sugars, especially pentoses [Candlin and Schryver, 1928]. 
The class of “polyuronides” would therefore include pectin and the struc- 
tural “hemicelluloses” such as those described by O’Dwyer. The older term 
“hemicellulose” might then be reserved for products which yield no uronic 
acids on hydrolysis. On this basis of classification, some of the products 
described in this paper are more correctly described as “ polyuronides.”’ 

The work herein described aimed at a somewhat detailed investigation of 
the hemicelluloses of wheat bran. Owing to the ease with which such products 
as hemicelluloses may become contaminated with other colloidal cell-wail 
substances, special care is necessary if a pure product is to be obtained. To 
this end, such substances as pectin and lignin were removed from the tissue, 
by appropriate extractives, prior to the extraction of the hemicelluloses. 
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EXPERIMENTAL. 


Preparation. 


400 g. of the bran are allowed to stand for an hour with 2 litres of water. 
The mixture is then poured into an equal volume of 1 % ammonium oxalate 
solution, previously heated on the water-bath to 90°. The temperature is 
taken back to 90° and is maintained at this level for 2-3 hours. The mixture 
is allowed to cool, filtered through muslin, and extraction of pectin from the 
residue is repeated with 0-5 % ammonium oxalate. After filtering, as much 
liquid as possible is removed at the press. 

Removal of lignin is carried out by two extractions with 3 litres of 50% 
alcohol containing 1 % of NaOH, each extraction being carried out under 
reflux for 2 hours. After the second extraction, the filtered tissue is further 
treated under reflux with 3 litres of neutral alcohol (50 %) for 1 hour. After 
filtration through muslin, excess liquid is again removed at the press. 

The first extraction of hemicellulose is carried out with 3 litres of 4% 
NaOH solution. Two or three further extractions with 4°% NaOH should 
be made from the residue. The combined extracts are filtered carefully, 
several times, through glass wool. 

To the filtered extract is added rather more glacial acetic acid than is 
necessary to neutralise it. The precipitate obtained at this stage (hemi- 
cellulose A) must be separated at the centrifuge. The mother liquor is reserved. 
The precipitate is repeatedly washed at the centrifuge with water, the early 
washings being added to the mother liquor. The precipitate is then treated 
with gradually increasing strengths of alcohol, in the usual way for obtaining 
a dry product. Drying is completed in vacuo over phosphorus pentoxide. 

The mother liquor from the above is filtered through paper pulp, after 
which half a volume of acetone is added to it. This precipitates hemicellulose B, 
which, after standing, may be filtered off. The filtrate is reserved. The pre- 
cipitate is redissolved in 4 9% NaOH solution, the solution neutralised with 
glacial acetic acid, and the hemicellulose reprecipitated with half a volume of 
acetone. After several re-solutions and reprecipitations in this way, the final 
product is taken up to dryness in the usual manner. 

To the filtrate reserved from tue above is added a volume of acetone equal 
to that added previously. The precipitate—hemicellulose C—is purified by 
dissolving in water and precipitating with an equal volume of acetone, re- 
solution and reprecipitation being carried out several times and the final 
product then being taken to dryness. 

Yields of the crude hemicelluloses obtained in a typical preparation from 
400 g. of bran, calculated on the dry weight of the products, were: hemi- 
cellulose A, 8-0 g.; B, 4-5 ¢.; C, 4-5 g. 
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Purification. 


Hemicellulose A. The crude product is dissolved in 4 % sodium hydroxide 
solution (1000 cc.), and any undissolved matter is removed at the centrifuge 
or by filtration through paper pulp. 250 cc. of mixed Fehling’s solution are 
added to the clear liquid, and the copper compound formed is filtered off and 
decomposed by treatment with dilute hydrochloric acid. Precipitation of the 
hemicellulose is effected or assisted by the addition of acetone. The product is 
washed free from acid and copper chloride by three or four changes of acetone, 
after which drying is completed with alcohol. The product obtained in this 
way is contaminated with a little starch, but means have not been devised 
for eliminating this. 

Hemicellulose B. Some 5g. of the crude product are dissolved with 
constant stirring in boiling water, and the solution is boiled for a further 
5 minutes. Any small amount of insoluble residue is filtered off through glass 
wool and is neglected. The clear solution is cooled, and NaOH is added to 
give a final concentration of 4%. 250cc. of mixed Fehling’s solution are 
added with stirring, and after standing the precipitate—B1 copper complex— 
is removed by pouring through muslin. After further filtration through paper 
pulp, half a volume of acetone is added to the filtrate, and the second pre- 
cipitate—derived from hemicellulose B2—filtered off. The two precipitates, 
B1 and B2, are decomposed separately with dilute hydrochloric acid, and 
acetone is added to effect or assist precipitation of the hemicelluloses. After 
further washings with acetone, and finally with alcohol, the process of purifi- 
cation described is repeated with each product to ensure complete separation. 

Hemicellulose C. This product is dissolved in 4% NaOH and mixed 
Fehling’s solution added. Although the viscosity of the solution increases 
greatly, no precipitate is obtained; consequently half a volume of acetone is 
added, and the precipitate—designated C2 by analogy with B2 above— 
filtered off, decomposed with hydrochloric acid, and the hemicellulose C2 
precipitated, washed, and dried as usual. 


General properties of the hemacelluloses. 


The four hemicellulose fractions were obtained in the form of white 
amorphous powders of low ash content (0-3-2-0 %). Hemicellulose A was 
somewhat soluble in boiling water, while fractions B1, B2 and C2 were 
almost completely dissolved. The aqueous solution of C2 was laevorotatory. 
No iodine colorations were obtained, except in the case of fraction A, a sus- 
pension of which in water gave a blue colour owing to the presence of a little 
starch. 

Furfuraldehyde estimations were carried out on all fractions, and also 
decarboxylations by the method of Nanji, Paton, and Ling [1925]. Mean 
values for a number of determinations are given in the following table, the 
results quoted being calculated in all cases on the dry, ash-free substance. 
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Hemicellulose A Bl B2 C2 
% % % % 
Furfuraldehyde 55-0 48-4 3-2 49-0 
Carbon dioxide Nil 1-85 Nil 1-98 
Uronic anhydride = 7-40 + 7-92 


The crude hemicellulose B yielded 31-1 °% of furfuraldehyde. Conse- 
quently, fractions B1 and B2 are present approximately in the ratio 2: 1. 


; Preliminary hydrolysis. 

The yields of hemicelluloses obtained were not sufficient for more than 
preliminary investigations to be made as to the nature of the sugars liberated 
on hydrolysis. 

The procedure followed in all cases was to boil the hemicellulose under 
reflux for 4 hours with 1 % sulphuric acid, 50 cc. of the acid being used per g. 
of hemicellulose. At the end of this time, the hydrolysis liquor was neutralised 
while still hot with the theoretical volume of a standard strong solution of 
baryta. The precipitate of barium sulphate formed was filtered off, and the 
filtrate suitably concentrated in vacuo. 

Hemicellulose A. The concentrated liquor obtained thus from 5g. of 
hemicellulose A was divided into several portions. One portion treated with 
diphenylhydrazine yielded a white crystalline precipitate of arabinose di- 
phenylhydrazone, melting, after two recrystallisations, at 202°. 

From another portion, cadmium xylonobromide was obtained, indicating 
the presence of xylose. 

Repeated attempts to obtain mucic acid, by nitric acid oxidation of some 
of the sugar syrup, failed, nor was it possible to prepare mannose hydrazone. 
Likewise, the Pinoff-Selivanoff test for ketohexoses gave a negative result. 

An osazone was prepared, which was found to be a mixture. A little of 
it was insoluble in hot water; examined microscopically this was found to be 
glucosazone, doubtless derived from the contaminating starch. Examination 
of the osazone soluble in hot water showed it to be a mixture of xylosazone 
and arabinosazone, the characteristic form of each being clearly seen. © 

Thus, it may be supposed that the only sugars obtainable from hemi- 
cellulose A on hydrolysis are xylose and arabinose. The detection of these 
two sugars as the products of hydrolysis of the hemicellulose of wheat bran, 
which is precipitable by acid, thus confirms the finding of Schulze [1892], 
whose “wheat bran hemicellulose” corresponds to this fraction. 

Hemicellulose B1. The chief product of hydrolysis of this substance would 
appear to be xylose. A large amount of cadmium xylonobromide was obtained 
on treating a portion of the hydrolysis liquor according to Bertrand’s method. 
Another portion of hydrolysis liquor gave a very small amount of arabinose 
diphenylhydrazone, melting after recrystallisation at 202-203°. 

An osazone was prepared, and a little of it, too small in amount for further 
examination at this point, was found to be insoluble in hot water. The residue 
was practically pure pentosazone, melting after several recrystallisations at 155°. 
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In an endeavour to ascertain the nature of the insoluble osazone, the 
hydrolysis liquid from a further 5 g. of B1 was evaporated in vacuo, just to 
dryness, and the sugar extracted twice with 50 cc. portions of absolute alcohol. 
The residue was then extracted with 80 % alcohol. The combined absolute 
alcohol extracts and the 80% extract were separately evaporated, and 
the sugars taken to dryness by repeated treatment with absolute alcohol, 
drying being completed in vacuo. The bulk of the sugar was extracted by the 
absolute alcohol, and the dry product from this gave [ay : 26° for c = 1-6. 

The osazone obtained from this fraction was a mixture. The portion 
insoluble in hot water was repeatedly extracted with hot water to remove 
pentosazone. It was recrystallised from 50% alcohol, and under the micro- 
scope was seen to crystallise in clusters of thick yellow needles, quite distinct 
in appearance from the osazones of glucose and galactose. The melting point 
of the purified osazone was 158°. The pentosazone, doubtless xylosazone, 
melted after recrystallisation at 155°. 

It seems not improbable that the insoluble “osazone” here obtained was 
derived from glycuronic acid. Mayer [1900] found that glycuronic acid treated 
with excess of phenylhydrazine yielded a compound melting at 159-164°. 
Again, Giemsa [1900] obtained a glycuronic acid phenylhydrazine derivative 
melting at 160°, crystallising in yellowish needles, insoluble in water, and 
recrystallisable from dilute alcohol. Galacturonic acid, on the other hand, is 
said to yield no crystalline derivatives with phenylhydrazine [see Ehrlich, 
1917]. 

The sugar soluble in 80 % alcohol gave two similar osazone fractions. 

Other sugar tests than those described having yielded negative results, it 
appears that the products of hydrolysis of hemicellulose B1 consist chiefly of 
xylose, accompanied by a little arabinose and also a uronic acid, possibly 
glycuronic acid, though the evidence for this is at present incomplete. At 
the same time, the furfuraldehyde yield from the hemicellulose, viz. 48-4 %, 
is too low to be accounted for in this way, and it is possible that another sugar 
present has escaped detection. 

Hemicellulose B2. This yielded but 3-2 % of furfuraldehyde, while uronic 
acids were shown to be absent. Consequently, on hydrolysis, a small amount 
of pentose should be obtained, the residue of the hydrolysis product being 
hexose. Hydrolysis was carried out in the usual way on some 2 g. of B2. 

From a portion of the neutral hydrolysis liquor an osazone was prepared, 
the bulk of which was insoluble in hot water. This osazone was found to 
crystallise in sheaves of needles, resembling glucosazone. After recrystallising 
from 50 % alcohol it gave a melting point of 205°. Glucosazone melts at this 
temperature. The small amount of pentosazone formed, soluble in hot water, 
was not examined. 

Attempts to obtain mannose hydrazone from another portion of the 
hydrolysis liquor failed, while the Pinoff-Selivanoff test for ketoses likewise 
gave a negative result. 
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It seems, therefore, that hemicellulose B2 is a glucosan, admixed with a 
little pentosan. The amount of the hemicellulose available, however, was not 
sufficient to allow of further test. 

Hemicellulose C2. A copious white crystalline precipitate was obtained 
when a little of the hydrolysis liquor from hemicellulose C2 was treated in 
the usual way for the production of arabinose diphenylhydrazone. After two 
recrystallisations from 60 % alcohol this product melted at 203°, establishing 
the presence of arabinose. 

A very small amount of cadmium xylonobromide was obtained from 
another portion of the hydrolysis liquor. Mucic acid could not be obtained. 

An osazone was prepared, and proved to be a mixture. A portion in- 
soluble in hot water, after purification and recrystallisation from 50 °% alcohol, 
was found to have a crystalline form resembling that of the insoluble phenyl- 
hydrazine derivative described above as obtained from the products of hydro- 
lysis of hemicellulose B1. It melted at 161-163°. Hence this too may be a 
derivative of glycuronic acid. The osazone soluble in hot water formed along 
with this was arabinosazone, contaminated with a little xylosazone, and melting 
at 155°. 

Thus, wheat bran hemicellulose C2 is an araban, associated with some 
8% of uronic acid anhydride, possibly glycuronic anhydride, and con- 
taminated with a little xylan. 

Discussion. 
The following scheme indicates diagrammatically the method of preparation 


of the hemicelluloses, the products of hydrolysis being shown in brackets. 


WHEAT BRAN: Extract successively with 0-5 % 
ammonium oxalate and 1 % 
alcoholic sodium hydroxide 





Residue: Extract repeatedly Extracts: Contain pectin and lignin 
| with 4 % NaOH 





| 
Residue: Fibre ete. Extracts: Contain HEMICELLULOSES 
Acidify with acetic acid. Centrifuge 











Precipitate: Solution: Filter; 
HEMIGELLULOSE A | add half volume of acetone 
Purified by copper treatment 
(Xylose, arabinose) el im | 
Precipitate: Filtrate: Add a volume 
HEMICELLULOSE B of acetone equal 
Dissolve: add | to above. Dis- 
NaOH to4 % solve ppt. in 
and Fehling’s | 4% NaOH; add 
solution | Fehling’s _ solu- 
| tion and ace- 
| tone. Decom- 
| pose ppt. 
| 
Precipitate: Decompose Filtrate: Add half HEMICELLULOSE C 2 
with HCl; volume of (Arabinose ; uronic acid) 
add acetone acetone. De- 
compose ppt. 
HeEmMIcELLULOsSE B 1 HEMICELLULOSE B 2 
(Xylose; uronic acid) (Glucose) 
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Four hemicellulose fractions with widely differing characteristics have 
thus been separated from wheat bran, two of them containing small amounts 
of uronic acid residues. 

Hemicellulose B2 is of particular interest, both from its mode of separa- 
tion, and from the faci that it is practically a pure hexosan. The preliminary 
hydrolysis described would appear to suggest that it is a glucosan. Though 
glucosan is not usually to be regarded as a constituent of hemicelluloses 
(except the amylohemicelluloses, rather different types of substance), various 
workers have claimed to obtain glucose from hemicellulose hydrolysis pro- 
ducts. Thus, Schulze and Castoro [1903] obtained from certain hemicelluloses 
& sugar convertible to glucosazone which they regarded as probably glucose. 
Also, glucose has been stated to arise, along with mannose and methylpentose, 
when the hemicellulose-like yeast gum is hydrolysed [see Hashitani, 1927]. 

The results in the case of hemicellulose B1 must be considered unsatis- 
factory, since it would appear that a hexose has escaped detection. Xylose, 
arabinose, and a uronic acid were shown to be present, but the figures ob- 
tained for furfuraldehyde and carbon dioxide are so low that they indicate the 
presence of another constituent. The very small amounts of the individual 
fractions available renders the isolation of hydrolysis products a difficult 
problem. 

On the other hand, furfuraldehyde and carbon dioxide numbers are almost 
completely accounted for on the assumption that this substance is a urono- 
araban containing some 8 % of uronic anhydride. 


SUMMARY. 
A general method of preparation and purification of hemicelluloses is 


described. 
The hemicelluloses of wheat bran yield four fractions, chemically and 


physically distinct, two of them containing small percentages of uronic acid 


residues. 
Preliminary hydrolyses of the four products have been carried out. Hemi- 


cellulose B2 appears to be a glucosan, whilst the other fractions are largely 
composed of pentose residues. 
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In the course of an investigation on glycogen, the solubility of a sample 
prepared in the usual way by boiling tissue with 60 °% KOH was compared 
with that of a sample prepared from an aqueous extract of tissue dehydrated 
by alcohol, and it was observed that the former sample reached a stable 
value very mach more rapidly than the latter. It was therefore decided to 
prepare glycogen from several sources, without boiling with potassium 
hydroxide and to determine the solubilities of the products obtained. In the 
course of the work it was found necessary to revise the method employed for 
estimating glycogen, and, in order to do this, the solubility of glycogen in 
aqueous alcohol was investigated. 


Method of preparation. 


Since the usual method of preparing glycogen by boiling tissue with 60 % 
potassium hydroxide appeared to affect the solubility of the product, it was 
considered advisable to use a method less likely to have a chemical action 
on the carbohydrate complex. Dehydration of the tissue by alcohol and 
subsequent extraction with water was the method selected, except in one 
case (frog muscle) where the tissue was extracted with 4 % trichloroacetic 
acid, and the glycogen precipitated with alcohol. Three sources of glycogen 
were used: mussel (whole body), frog (skeletal muscle) and rabbit (liver). The 
method employed varied slightly in each case. 

Mussel (Mytilus edulis). Mussels were killed, and the tissue was de- 
hydrated, by being put into alcohol. For the first batch boiling 80 % alcohol 
was used, for the second, cold 80 % alcohol. The solid residue was filtered 
off, dried with absolute alcohol and with ether, exposed to the air to remove 
all traces of ether, and finally ground in a mortar. Glycogen was extracted 
from this powder with water: the proteins, denatured by the treatment with 
alcohol, were soluble only to a small extent. 


To test the completeness of extraction, a portion of the mussel powder was extracted 18 times 
with small quantities of water at 0°, and the glycogen in each extract and in the residue estimated 
separately (Fig. 1, curve a). The experiment was repeated, using water at 25° (curve b), but the 
amounts extracted were not appreciably greater. Grinding with sand between each extraction 
gave much more satisfactory results (curve c), and it was concluded that the difficulty of extrac- 
tion was mechanical. From Fig. 1 it is apparent that the seventh and subsequent extracts 
contain negligible amounts of glycogen; in later work, therefore, the mussel powder was extracted 
six times. 
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Glycogen values are given throughout this paper in terms of the reducing sugar found after 

yoog g g pay g sug 

3 hours’ hydrolysis by 2-2 % by wt. hydrochloric acid. It is usual to multiply this by 0-927 
; ) y /o “YY J y 

to convert to glycogen. This assumes a 97 % hydrolysis, but working with a purified sample of 

glycogen prepared by Dr Slater, it was never found possible to reach so high a value, the mean 


obtained being 94 %, corresponding to a conversion factor 0-957. 


The glycogen in the water extract was purified by precipitation with two 
volumes of alcohel. 


The nitrogen and phosphorus contents of successive precipitates were examined, and it was 
found that the ratio of the nitrogen and phosphorus to glycogen fell considerably after the first 
precipitation, showed no decided change after the second, and after the third precipitation the 
nitrogen values rose, phosphorus remaining nearly steady (Table I). This unexpected result was 
repeated in each preparation examined, and suggests that the glycogen molecule in the natural 
state may contain nitrogen, and possibly also phosphorus. For the third precipitation it was 
necessary to add an electrolyte to coagulate the glycogen; a few drops of a normal solution of 
potassium acetate were used. 


pressed 





as % of initial amount 
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Fig. 1. Extraction of glycogen from dried mussel powder. 
(a) Water at 0°. (6) Water at 25°. 
(c) Water+ grinding with sand at 15°. 


Table I. 


Ratio mg. phosphorus and mg. nitrogen to 100 mg. glycogen. 


Untreated 
extract After 1 ppt. After 2 ppt. After 3 ppt. 
(ni, —_"S ceeeeF f becomes 
P N P N P N ig N 
Prep. A 0-91 1-91 0-20 0-55 0-21 0-56 0-17 0-98 
an 0-85 1-74 0-75 0-57 0-63 0-54 0-64 0-70 


In order to remove small amounts of protein that might still be associated 
with it, the glycogen was dissolved in 4 % trichloroacetic acid, filtered and 
dialysed. 

After three precipitations with alcohol, dialysis of the product produced a rise in the ratio 
of nitrogen to glycogen. If the glycogen were first dissolved in 4 % trichloroacetic acid, the small 
amount of insoluble matter filtered off, and the solution dialysed, there was a larger rise. If, 
instead of being dissolved in trichloroacetic acid, the glycogen were boiled for 2 hours with 60 % 
potash, the ratio of nitrogen to glycogen fell very considerably (Table IT). 
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Table IT. 


Ratio mg. nitrogen to 100 mg. glycogen. 


After dissolving in 4% 


Prep. C after 2 ppt. After trichloroacetic acid with After boiling with 
with 66 % alcohol dialysis subsequent dialysis 60 % potash 
0-77 0-81 0-83 0-30 


After dialysis the glycogen was precipitated a third time in 66 % alcohol 
and then dried in a vacuum desiccator over calcium chloride. This should 
give the half-hydrate, C,H,,0;, }H,O [Slater, 1924]. 

Rabbit. The rabbit liver was removed immediately the animal was killed 
and was minced into ice-cold 94% alcohol, filtered and the residue re- 
extracted with ice-cold alcohol, filtered and the residue dried in air and 
ground in a mortar. Glycogen was extracted from this powder in the same 
manner as for mussels. 

Frog. The frogs’ muscles were ground in 4 % trichloroacetic acid and the 
extract treated as the water extract from mussel powder, except that the 
glycogen was not again dissolved in trichloroacetic acid. 


Method of determining solubility. 


Preliminary experiments showed that glycogen did not go into solution 
completely for several days. This made it necessary to ensure that the material 
should remain sterile during the time of the experiment. Small two-necked 
flasks were used, one neck closed with a rubber cap, the other stoppered with 
cotton wool and covered with a glass cap. A small amount of glycogen 
(1 to 0-3 g.) was placed in the flask and sterilised for 30 minutes in steam on 
3 consecutive days; an amount of sterile water, insufficient to dissolve all 
this glycogen, was injected through the rubber cap, and the flask was placed 
in a thermostat. At intervals of 6 to 60 hours small amounts (about 0-5 cc.), 
were withdrawn by means of a hypodermic syringe, placed in a centrifuge 
cup, covered with a drop of liquid paraffin to prevent evaporation, and 
centrifuged for 20 minutes. 0-1 cc. of the solution was used for the estimation 
of the glycogen. That the solutions remained sterile was shown by plating 
out a drop on agar at the conclusion of the experiment. (Previous experi- 
ments with unsaturated glycogen solutions showed that the strength of the 
solution was not altered by centrifuging in these conditions.) 


Method of estimating glycogen. 

Since the quantities of glycogen available were small it was necessary to 
use a micro-method for estimation. The glycogen was still associated with 
appreciable quantities of nitrogen and phosphorus, and was therefore possibly 
contaminated by reducing substances, so it was considered desirable to use 
the full method of estimation by boiling with 60 % potassium hydroxide and 
not merely to hydrolyse the solution with acid. 
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With the exception of the method of de Jongh and Planelles [1924], depending on the turbidity 
of glycogen solutions precipitated by alcohol in the presence of ether, which is not suitable for 
accurate estimations, all micro-methods for the estimation of glycogen are modifications of 
Pfliiger’s method [1904], and depend on the destruction of lower carbohydrates by boiling with 
60 % potassium hydroxide, and precipitation of glycogen from the resulting solution with 
alcohol. Evans [1925] has pointed out that when estimating small quantities of glycogen in a 
considerable mass of tissue, involving the use of relatively large volumes of solution, there is a 
loss of glycogen, increasing with increasing volume of fluid, pointing strongly to the solubility 
of glycogen in aqueous alcohol, at least in the presence of a high concentration of potash. Holmes 
and Holmes [1926] carried out some experiments to test the recovery of glycogen added to a 
potassium hydroxide-alcoho!l mixture of the concentration used in their estimations, and obtained 
on the average a recovery of over 100 %, and concluded that there is no appreciable loss through 
solubility of glycogen in alcohol. Possibly they obtained such good values because they added 
solid glycogen, instead of precipitating from a solution, and, as the results of the solubility deter- 
minations show, glycogen may be very slow in dissolving. In a modification of the Pfliiger method 
introduced by Bierry and Gouzon [1928], glycogen is not precipitated after alkaline hydrolysis, 
but acid is added and an acid hydrolysis carried out on the same solution. Proteins are afterwards 
removed with mercuric nitrate, and the sugar is estimated. This procedure avoids loss of glycogen 
by solution in alcohol, but might cause an additive error, since any reducing substance not 
destroyed in either the alkaline or the acid hydrolysis, and not precipitated by mercuric nitrate, 
would be estimated as sugar. 


To find whether any glycogen remained in solution after precipitation 
with alcohol, when using a micro-modification of the Pfliiger method, the 
residual alcoholic solution from a glycogen estimation (the tissue used in this, 
and in all other estimations when working out the method for estimating 
glycogen, was, for convenience, skeletal muscle from the frog) was evaporated 
nearly to dryness, washed with 1 cc. of absolute alcohol and centrifuged, and 
the glycogen estimated in the residue by acid hydrolysis and determination 
of the reducing power. 


Table ITT. 


Apparent solubility of glycogen from frog muscle in 75 % alcohol. 


0-2-0-3 g. muscle (or in last 3 experiments 0-1 cc. glycogen solution), were boiled with 2 ce. 
60 % potassium hydroxide for 24 hours, neutralised with glacial acetic acid, filtered and 3 volumes 
absolute alcohol added, making 20 cc. in all. 
Apparent solubility of 


mg. glycogen ppt. mg. glycogen recovered glycogen in 75 % alcohol 
by alcohol from alcohol mg. per 100 cc. 
0-59 0-166 0-83 
0-88 0-128 0-64 
0-59 0-166 0-83 
1-10 0-227 1-14 
1-09 0-189 0-95 
0-065 0-091 0-46 
0-054 0-295 1-48 
— 0-241 1-21 
0-159 0-172 0-86 
9-50 0-143 0-72 
9-50 0-156 0-78 
6-83 0-197 0-99 


The results (Table III), show clearly the presence of some reducing sub- 
stance, probably, at least in part, glycogen. A reducing substance stable to 
alkaline hydrolysis, soluble in 75% alcohol, and relatively insoluble in 
absolute alcohol would be included in this estimation. If there should be 
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such a substance present in the muscle in variable quantity, it would account 
for the irregularity of the results. 

Methyl alcohol and acetone were also tried as precipitants for glycogen, 
but failed to give as good results as ethyl alcohol. 

As these results indicated that glycogen had an appreciable solubility in 
75 % alcohol, but did not give accurate figures, it was decided to study the 
problem of the solubility of glycogen in aqueous alcohol using purified glycogen 
and’ varying strengths of alcohol, so that the influence of other substances 
present in muscle should be eliminated. 


Solubility of glycogen in aqueous alcohol. 


In practice it was found best to estimate the solubility by an indirect 
method. A known quantity of glycogen in aqueous solution was treated with 
alcohol in amounts calculated to give 50, 60, 66, 75, 80 and 90 % alcohol 
by volume. The glycogen precipitated by this treatment was separated by 
centrifuging and estimated. The solubility of glycogen in the aqueous alcohol 
was calculated from the difference between the amount of glycogen pre- 
cipitated and the amount originally taken. On account of the slight solubility 
of glycogen, very small quantities must be used in order to show a difference 
that can be measured with any degree of accuracy. The glycogen used was a 
highly purified sample from Mytilus, kindly supplied by Dr Slater. It is 
generally agreed that to precipitate pure glycogen satisfactorily from aqueous 
solution by the addition of alcohol is difficult. The turbid solution will not 
coagulate and settle with any regularity, even after centrifugalisation for 
30 minutes. One drop of a 60% potassium chloride solution was therefore 
added, making a final concentration of 0-6 % potassium chloride (Fig. 2, 
curve @). 

When estimating glycogen after boiling with potassium hydroxide there is 
always a high concentration of salt or of alkali present, so the solubility was 
also determined in the presence of 21 % potassium acetate, 42 °% potassium 
trichloroacetate, 15% potassium chloride, and 15 % potassium hydroxide, 
these being approximately the concentrations reached when estimating 
glycogen. In each case the electrolyte was added to the glycogen solution 
before the alcohol, and subsequent procedure was that described above. The 
results are shown in Fig. 2. The solubility in the presence of 4 % trichloro- 
acetic acid was also determined, since this concentration of trichloroacetic 
acid is frequently used for extracting tissue. 

In previous methods of estimating glycogen the concentration of alcohol 
used for precipitating glycogen has varied considerably. Pfliiger [1904] used 
57 %; Kahn [1922] in a micro-method 52-5 °%; Evans [1926] for plain muscle 
66 %. From the curves in Fig. 2 it is clear that it is useless to employ higher 
concentrations of alcohol than 66 % when the original volume of solution is 
fixed, since the loss due to increased final volume more than counterbalances 
the gain from decreased solubility. When the final volume is the limiting factor 
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it is definitely better to use 66 % rather than 75 %, as it is possible to use a 
larger initial volume and the percentage loss is lessened. 

Pfliiger [1904] precipitated glycogen from the alkaline solution after 
diluting with two volumes of water; in some more recent methods the alkali 
is neutralised, usually with glacial acetic acid, in order to precipitate protein, 
and this is filtered off before alcohol is added. It is apparent from Fig. 2 
that glacial acetic acid is not a suitable acid to use, as the solubility of glycogen 
is higher when potassium acetate is present than in the presence of either 
potassium trichloroacetate, potassium chloride or un-neutralised KOH. It 
would seem that there is little to choose from the point of view of solubility 
alone between these last three conditions. It is probably better to neutralise, 
as this undoubtedly removes considerable quantities of protein. When hydro- 


mg. glycogen per 100 ce. solution 





50 55 60 65 70 75 80 85 90 


Concentration of alcohol, % by volume 
Fig. 2. The solubility of glycogen in aqueous alcohol. 


(a) Alcohol+0-6 % KCI. (6) Alcohol +4 % CCl,COOH. 
(c) Alcohol + 21 % CH, COOK. (d) Alcohol +42 % CCl, COOK. 
(e) Alcohol + 15% KCL. (f) Alcohol+ 15% KOH. 


chloric acid is used, although the solubility of glycogen is least, a further 
complication is introduced as the potassium chloride formed is only slightly 
soluble in alcohol, and large quantities of salt are precipitated along with the 
glycogen. This did not interfere with the acid hydrolysis, or with the estima- 
tion of sugar by the Hagedorn and Jensen method, but might with other 
methods. Since trichloroacetic acid is a definite protein precipitant, and its 
potassium salt is soluble in alcohol, it was decided to use this acid. Table IV 
shows a comparison of the result of neutralising with each of the three acids 
in an estimation of glycogen in muscle. 
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Table IV. 


After boiling frog muscle with potassium hydroxide the solution was diluted, three equal 
parts taken and neutralised with hydrochloric, glacial acetic and trichloroacetic acids respec- 
tively, the precipitates (of protein) were removed by centrifuging and the glycogen in an aliquot 
part of each solution precipitated with two volumes of alcohol and estimated. 


mg. glycogen found when alkaline digest 


is neutralised with 
A 





c -— 
Final vol. Glacial Hydro- Trichloro- 
of solution acetic chloric acetic 
ce. (a) (d) (c) b-a c-a 

6 0-867 1-283 1-231 0-416 0-364 
6 0-495 0-640 0-629 0-145 0-134 
6 0-808 0-938 0-996 0-130 0-188 
6 0-496 0-472 0-976 — 0-024 0-480 
9 9-06 8-87 -- -0-19 — 
9 3-80 4-21 — 0-41 _— 
9 4-74 — 4-92 — 0-18 
9 8-71 — 8-75 a 0-04 


The final procedure adopted was as follows. The solution was boiled with 
60 % potassium hydroxide for 24 hours, cooled, neutralised with 40 % tri- 
chloroacetic acid, the final adjustment being made with dilute potassium 
hydroxide, so that the solution was faintly violet to bromocresol purple, the 
solution was made up to a known volume, centrifuged, and two volumes of 
alcohol were added to an aliquot part. Bromocresol purple was chosen as an 
indicator since it changes colour almost at neutrality, and since it is possible 
to see the colour even when working on muscle, which gives a brown solution. 
The glycogen precipitate was separated by centrifuging, washed once with 
absolute alcohol, hydrolysed with 2-2 °% hydrochloric acid, and the sugar 
estimated either by the original Hagedorn and Jensen method [1923], or by 
Hanes’s [1929] modification for use with larger quantities. It is advisable to 
wash the glycogen with absolute alcohol, since even 80 % dissolves an appre- 
ciable fraction. A correction can be added for the glycogen lost by solution 
in the alcohol when precipitating, it can be found by reference to the potassium 
trichloroacetic acid curve (Fig. 2, curve d). Table V shows the result of 
estimating a solution of purified glycogen, (a) by acid hydrolysis, (b) by the 
method described above. The recovery of glycogen added to an estimation 
on frog muscle is also shown. The glycogen solution was added to a portion 
of the alkaline digest before neutralisation. In each case the recovery is low: 
this may be due to some substance present in muscle, which affects the 
solubility of glycogen, as noted above. 


Table V. 
mg. glycogen found in 2 ce. solution. 
Estimated by acid Estimated as described Added in an estimation 
hydrolysis in text on muscle 

1-36 1:30 1-31) 

1-34 1-40 1-28) 

2-12 2-14 2-02 ) 

2-14 2.12) 2-26 

2-17 05 


| 


2- 
2-0: 


N=4 
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Solubility of glycogen in water. 


First the solubility of mussel glycogen, prepared as described, 1.e. without 
boiling with alkali, was compared, at 20°, with that of a similar sample boiled 
for 2} hours with 60 % potassium hydroxide. The results are shown in Fig. 3 
(curves a and 6b). When the experiment was repeated, using a second pre- 
paration of glycogen from the same batch of mussel powder, the curves pro- 
duced by plotting the results were not identical with those of the first 
preparation, but of a similar type (Fig. 3, curves c and d). Glycogen prepared 
from a second batch of mussel powder, prepared similarly to the first, except 
that the mussels were killed and dehydrated by cold alcohol instead of boiling 
alcohol, gave a curve intermediate between those of the first two preparations 
(Fig. 3, curve e). In each case the solubility of glycogen which had been 
boiled with alkali had reached a practically stable value at the first estimation, 
whereas the glycogen not boiled with alkali required from 3 to 4 days for 
maximum solubility to be reached. In the first experiment after 5 days at 20° 
the solutions were heated to 50°, and cooled again. The solubility of both 
samples of glycogen returned to the same value. 
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Fig. 3. Solubility of glycogen in water at 20°. 


Prep. I. [(a) Not boiled with KOH 0-92 mg. nitrogen per 100 mg. glycogen. 


(6) Boiled with KOH 0-18 ,, * ne 99 
Prep. II. (c) Not boiled with KOH 0-61 ,, 9 *» ” 
(2) Boiled with KOH 0-06 ,, 99 ” ” 
Prep. III. (e) Not boiled with KOH 0-50 ,, = Br os 


The solubility of mussel glycogen was then determined at 0° and 37° 
(Table VI). At 37° all the glycogen (0-4 g.) had dissolved in the water added 
(1 cc.) forming a jelly. A portion of this jelly contained 40 °/ glycogen, so 
probably the glycogen was evenly distributed and is soluble at least to this 
extent at 37°. 


Table VI. 


Solubility of glycogen in water after 7 days at 
A 


p St ee 
0° 20° 37° 
17-7 % 
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The solubility of glycogen from mussels, frog muscle and rabbit liver was 
compared at 20° (Fig. 4). The sample from rabbit liver had a higher solu- 
bility than either of the samples from cold blooded animals. 

It seems possible that the increasing solubility of the samples not boiled 
with potassium hydroxide, reaching a value that approximates, but does not 
quite reach, that of the samples boiled with alkali, might be due to a de- 
polymerising influence of water. If this is so, the boiling with alkali exerts 
the same effect at a much greater rate, and possibly to a greater extent. 
Schmid, Ludwig and Pietsch [1928] observed a somewhat similar effect when 
determining the molecular weight of glycogen in liquid ammonia, as their 
glycogen did not reach a steady state for half an hour, starting from a 
very large molecular weight and reaching a value of 180. Their samples 
had presumably all been boiled with potassium hydroxide, since two were 
prepared commercially and no special mention is made of the preparation of 
the third sample (from liver). Possibly if estimations of the solubility of the 
glycogen boiled with potassium hydroxide had been made during the first 











g. glycogen per 100 cc. solution 








Days 
Fig. 4. Solubility of glycogen in water at 20°. 
(a) Glycogen from rabbit; 0-12 mg. nitrogen per 100 mg. glycogen. . 
(6) o »» mussels; 0-50 mg. $6 53 - 
(c) Pa » frog; 1-13 mg. s a ‘a 


half hour a rising value would have been obtained, but there would have been 
no certainty that this was not due to the normally slow solution of a colloid. 
This does not necessarily suggest that glycogen in its natural state is poly- 
merised to a large extent, since the glycogen prepared without boiling with 
alkali had been treated with alcohol in order to purify it, and it might well 
be this treatment which caused a high degree of polymerisation, if such existed. 
It is also possible that the nitrogen content of the glycogen is connected with 
the differences in solubility, as in most cases the rate of solution and the 
solubility vary inversely with the nitrogen content. 
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SuMMARY. 


1. Glycogen from mussels, prepared without boiling with alkali, has been 
found to take from 3 to 4 days to reach saturation in water, whereas a 
similar sample boiled for 2} hours with 60 % potassium hydroxide, reaches a 
slightly higher value within a few hours. 

2. The solubility in water of mussel glycogen, not boiled with potassium 
hydroxide, at 0° is 16 %, at 20° 17-7 % and at 37° at least 40 %. 

3. Glycogen from skeletal muscle of frogs has a solubility in water of 
14-9 % at 20°, that from rabbit liver 21 % at 20°. 

4, Glycogen is slightly soluble in aqueous alcohol, the concentration and 
nature of any electrolyte present having an influence on the value. Curves have 
been obtained showing the decreasing solubility of glycogen with increasing 
concentration of alcohol in the presence of potassium acetate, potassium 
trichloroacetate, potassium chloride, potassium hydroxide and _trichloro- 
acetic acid. 

5. A micro-modification of Pfliiger’s method of estimating glycogen, based 
on the results of the experiments on the solubility of glycogen in aqueous 
alcohol, and employing a correction for this solubility, is described. 

6. When glycogen prepared from mussels is precipitated with alcohol, 
after two precipitations the nitrogen content of the preparation increases, the 
phosphorus content remaining nearly constant. 


I wish to express my thanks to Professor J. C. Drummond for his interest 
and advice in this work. The cost of the research has in part been defrayed 
by a grant from the Government Grant Committee of the Royal Society. 
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XI. FURTHER EVIDENCE FOR A THIRD 
ACCESSORY “B” FACTOR. 


By VERA READER. 
From the Department of Biochemistry, Oxford. 


(Received December 30th, 1929.) 


In a recent publication [Reader, 1929] evidence was presented for the division 
of the vitamin-B complex into three components all necessary for the nutrition 
of the rat. It was shown that two of these were destroyed by autoclaving 
yeast extract at py 9 for one hour at 120°. Further evidence has now been 
obtained for the separate existence of these three factors, since it has been 
possible to concentrate two of them, and to find that the third must still be 
added to enable the animals to grow to maximum adult size. 

Throughout this paper the following nomenclature is used. 

Vitamin B, is the antineuritic vitamin, concentrated by the process of 
Kinnersley and Peters [1927] to the stage involving its extraction from 
charcoal by N/10 HCl. 

Vitamin B, is the anti-pellagra vitamin of Goldberger et al. [1926] as 
interpreted by Hassan and Drummond [1927]. It is considered to be the 
factor present in alkaline autoclaved yeast extract. The term “anti-dermatitis” 
is probably preferable for vitamin B, since some evidence in this laboratory 
suggests that “pellagra” is due to a combined deficiency of vitamins B, + B,. 

Vitamin B, is the second alkali-labile factor, obtained from the mercuric 
sulphate precipitate in the Kinnersley and Peters process for vitamin B,. 
Williams and Eddy [1928] have styled this third factor for the pigeon 
vitamin B,; I have adhered to the nomenclature of my original paper, 
pending a consideration of the question by the Biochemical Societies concerned. 


EXPERIMENTAL. 


The preparation of animals was exactly as described in the previous paper 
[Reader, 1929]. The basal diets were also similar. The vitamin B, used was 
kindly supplied by Mr Kinnersley. Unless otherwise stated 3-pigeon-day- 
doses (approx. 1-0 mg.) were given to each rat by the mouth daily. The con- 
centrates used had been shown to be free from vitamin B, [Reader, 1929]. 

The vitamin B, was supplied as yeast extract which had been heated at 
120° for one hour at py 9. After being carefully neutralised it was mixed 
with the diet. The equivalent of 6 % of the original extract was found to be 
sufficient and was regarded as a unit value. In certain experiments (see 
Fig. 1 a), when the animals had come to constant weight on diets containing 
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vitamins B, + B,, the daily allowance of each of these components was doubled 
over a weekly period to make certain that the cessation of growth was due to 
the absence of a third factor and not to an insufficient quantity of either of 
the two already being supplied. 

In the search for vitamin B,, the final filtrate from the Kinnersley and 
Peters process for vitamin B, was first tested for vitamin B, activity. As it 
gave a negative result, all the various discarded precipitates obtained during 
the process were freed from metals and tested. Only the extract from the 
mercuric sulphate precipitate gave a positive test. It has since been found 
possible to recover 75 % of the vitamin B, present in the original extract. In 


Body-weight in grams 


Body-weight in grams 





Fig. 1 a and 6, Showing that vitamin B, is necessary to supplement vitamins B, + B,. 
At X, Fig. 16, supply of vitamin B, was cut off, but resumed again at Y. 


the experiments cited in this paper the total organic solids given daily as 
vitamin B, varied from 1 to 2 mg. This quantity was found to contain less 
than 1/15 of a daily dose of vitamin B,. Further details of the concentration 
and purification of vitamin B, will be published shortly. 

Ninety rats were used for this work. Two types of experiments were 
carried out. 

Group A, Figs. la and 1b. Rats were brought to constant weight on the 
basal diet + vitamin B,: growth usually ceased at the end of 2-3 weeks. Then 
vitamin B, was given daily. An immediate temporary response occurred, the 
rats continuing to grow for another 2 or 3 weeks. Then no further response 
could be obtained by doubling the supply of vitamin B, or of vitamin B, or 
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of both. The animals were then ready for testing one of the various vitamin B, 
preparations: the extract was administered daily by the mouth. The results 
in Figs. la and 1b were obtained with a vitamin B, preparation extracted 
from the mercury precipitate; from which it must be concluded that some 
factor necessary for the nutrition of the rat is present in this precipitate. 
At point X, Fig. 16, the supply of vitamin B, was cut off, but resumed 
again at Y. 

Group B, Fig. 2. The second set of experiments was designed to show that 
some essential component still remained in the yeast extract after heating 
at 120° for one hour at pg 9 and that normal growth could be obtained 
without adding excess of the yeast extract so treated. The rats were brought 
to constant weight on the basal diet alone, 7.e. without any “B” vitamins. 
Then vitamins B, and B, were both given daily in quantities which had 
proved to be sufficient in the previous type of experiment. Practically no 
growth occurred. At point K, Fig. 2, the supplies of vitamins B, and B, 
were doubled. The weight was still not increased. When the unit quantity of 
vitamin B, was added, normal growth was immediately resumed. 


Body-weight in grams 





Fig. 2. Showing that vitamin B, is necessary as supplement for vitamins B, + B,. 
At point K vitamins (B,+B,) were doubled. 


Discussion. 


In the earlier paper [Reader, 1929] three accessory “B” factors were 
postulated upon the evidence that addition of vitamin B, concentrates to an 
alkaline autoclaved yeast extract did not induce normal growth, and that 
growth was not improved by increasing either the vitamin B, concentrate or 
the autoclaved extract. It still remained to be shown that the hypothetical 
vitamin B, could be separated from the other two components. This has now 
been done. 

Concentration of vitamin B, has been made possible because it appears in 
the mercuric sulphate precipitate, suggesting that the factor itself forms an 
insoluble mercury salt, or a double salt with mercuric sulphate. The curves of 
Fig. 1 demonstrate that the factor in question is present in the mercury 
precipitate and those in Fig. 2 that, in addition to this, another factor is 
required to supplement the antineuritic vitamin; this factor is stable to 
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alkaline hydrolysis for one hour at 120° and is here called B,. It has been 
stated by Williams, Waterman and Gurin [1929] and by Chick and Roscoe 
[1929] that even this more stable factor is destroyed by prolonged heating 
(4 to 6 hours) in the presence of alkali. 

Another fact illustrated by the above curves is that at the beginning of 
the experiment the storage period for vitamin B, is approximately 5 weeks, 
while that for vitamin B, is about 3 weeks at the most. Once the store of 
vitamin B, has been lowered and the daily doses substituted, an omission of 
vitamin B, stops growth at the end of one week (see rats 279, 280 and 282). 


SUMMARY. 


Further evidence is produced for the existence of a third “B” factor. 
This factor has now been concentrated and obtained free from other factors. 


In conclusion, I wish to thank Professor R. A. Peters for his helpful 
advice and criticism throughout this work, and the Medical Research Council 
for a personal grant. 
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XII. URICASE AND ITS ACTION. 


By STANISLAUS JOHN PRZYLECKI. 


From the Biochemical Laboratory, Faculty of Medicine, Warsaw University. 
(Received December 30th, 1929.) 


In a previous communication [Przylecki, 1928] various methods for the 
preparation of uricase were given. Later work has shown that the uricolytic 
activity of those preparations purified by dialysis in the presence of such 
antiseptics as thymol, recommended by previous workers in this field, is due 
to bacterial action. In view of this, all methods of preparation of uricase 
described in this paper, with the exception of the original glycerol-chloroform 
extract, which has been found to be sterile, must be regarded as being useless. 
Similarly, all conclusions drawn from experiments dealing with the uricolytic 
action of such extracts as contain bacteria (7.e. all but the original glycerol- 
chloroform extract) are invalid. 

A detailed description of the micro-organism responsible for uricolysis in 
the above experiments will be published later and work is now in hand on 
the bearing of the discovery of bacteria in such extracts on earlier work on 
uricase. 
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XIII. THE ANTISCORBUTIC POTENCY 
OF APPLES. 


By MARY FORREST BRACEWELL, EDWARD HOYLE 
AnD SYLVESTER SOLOMON ZILVA. 


From the Biochemical Department, Lister Institute, London. 
REPORT TO THE MepicaL ResEARcH CoUNCIL. 


(Received December 31st, 1929.) 
INTRODUCTION. 


Ir is not unreasonable to suppose that the vitamin C content of a fruit is 
controlled by a number of physiological factors and, consequently, that the 
minimum protective dose for a particular fruit should vary in accordance 
with some of its characteristics. That being so the establishment of a definite 
relationship between the antiscorbutic activity and the physiological con- 
dition of a plant would in no small measure contribute to our knowledge of 
the character of a vitamin and might even reveal its identity. It has been 
already pointed out [Zilva, 1927, 1928] that further progress by chemical 
purification must be slow, since, presumably, the removal of “impurities” 
beyond a certain stage brings about a degree of instability in the vitamin which 
makes it almost impossible to ascertain its presence by biological tests. An 
indirect approach on the above lines to the subject seems, therefore, to be 
justified at this stage of the study of the antiscorbutic factor. 

This communication is devoted to exploratory experiments designed to 
detect the relations, if any, between the antiscorbutic activity of apples and 
the variety, soil, age and conditions of storage. The effect of heating on 
antiscorbutic activity is also discussed. It may be considered to be only 
preliminary in character, since, if a connection between the antiscorbutic 
activity of the apple and one of its physiological functions is to be definitely 
established, it must be done by a process of elimination. This procedure is, 
however, complicated by the inter-relation of a number of factors and, further, 
by technical difficulties arising from the seasonal character of the experi- 
mental material and the long duration and laboriousness of the tests. 

It was essential in an investigation of this character to attain the highest 
degree of accuracy in order to establish reliable quantitative criteria. Stan- 
dardised conditions, which necessitated the use of a great number of animals, 
were therefore observed. Only general results are given in this paper. Full 
details of these experiments will be communicated in due course in a special 
report to the Medical Research Council. 
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THE ANTISCORBUTIC POTENCY OF APPLES 


HIsTORICAL. 


Holst and Frdélich [1912] found that out of four guinea-pigs kept on a 
diet of rye bread baked with yeast, supplemented with 30 g. of raw apple 
daily, three succumbed on the 39th, 51st and 52nd days respectively—the 
last two showed symptoms of scurvy at the post-mortem examination. The 
fourth animal was still alive after 87 days’ subsistence on this diet. They 
conclude that the apple is not a good source of the antiscorbutic factor. 

Robison [1919] investigated the antiscorbutic activity of concentrated 
apple juice, prepared by the “Kestner evaporator.” In this process the 
duration of heating is less than one minute and the maximum temperature 
attained is about 102° F. The jelly which was tested contained about 83 % 
of total solids and a daily dose of 4 g. of this concentrated juice (equivalent 
to 24 g. of pressed juice) protected guinea-pigs weighing 400 g. from scurvy; 
a daily dose of 1 g. of this concentrated juice was barely sufficient to afford 
complete protection, whilst one of 0-5 g. delayed the onset of scurvy for only 
a short time. 

The British Mission sent to Vienna soon after the war [Chick, 1920] 
observed that 50 g. of raw apple juice administered daily as an antiscorbutic 
failed to prevent the onset of early symptoms of scurvy in children. 

Givens, McClugage and Van Horne [1922] protected guinea-pigs from 
scurvy with daily doses of 10 g. of raw apple juice. When the raw apple was 
subjected to any considerable heating, such as is ordinarily employed in 
preservation by desiccation or canning, the vitamin in the apple was con- 
siderably inactivated. Dried apple peelings were found by these authors to 
be active in daily doses of 2 g. (22-26 % of original weight). 

Kohman, Eddy and Carlsson [1924] administered 5, 6 and 7-5 g. daily 
of raw, cold-stored, apple to guinea-pigs. The animals on all the doses were 
losing weight on the 20th day of the experiment. The stored apples were, 
therefore, replaced at this stage by fresh, early summer apples, purchased in 
the open market. This produced considerable improvement in the animals, 
although the above doses of the fresh apple were inadequate to protect 
guinea-pigs from scurvy. The authors consider this observation as indicating 
that raw apples in storage gradually lose their antiscorbutic potency. These 
workers have further found that apples kept in 2 % salt solution for about 
18 hours before processing retained their original antiscorbutic activity; on 
the other hand, some other methods of canning had a deleterious effect on 
the antiscorbutic activity of the fruit. 


THE ANTISCORBUTIC ACTIVITY OF DIFFERENT VARIETIES OF APPLES. 


The following English varieties, from different seasons and grown on 
different soils, were investigated: Bramley’s Seedling (cooking variety), 
Worcester Pearmain (dessert variety), Cox’s Orange Pippin (dessert variety), 
Woodbine (cider variety), Dabinett (cider variety) and King Edward (cooking 
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variety). Various imported varieties were also investigated and will be 
discussed later. 

The results are summarised in Table I. Bramley’s Seedling stands out as 
markedly the most active of the varieties tested. The high antiscorbutic 
content was established in these apples coming from different parts of England 
and picked at different seasons, and, therefore, it is unlikely to be accidental. 
The other cooking variety, King Edward, which resembles the Bramley’s 
Seedling in many respects, is very much less active. The next in order of 
activity is the Dabinett, but when compared with Bristol Bramley’s grown 
in an adjacent orchard on a more or less similar soil, it is between three or four 
times less active. Of the eating varieties, Cox’s Orange Pippin is about twice 
as active as the Worcester Pearmain, but they both fall far below Bramley’s 
Seedling in activity. 


Table I. Relative antiscorbutic potency of English varieties. 


Normal 
Normal Cox’s 
Bramley Normal Normal Worcester Orange King 
1927, Bramley Bramley Pearmain Pippin Woodbine Dabinett Edward 
Dose Canter- 1928, 1928, 1928, 1928, 1928, 1928, 1928, 
g. bury Burwell Bristol Burwell Burwell Bristol Bristol Burwell 
3 +++ ++++ ++++ #£xNopro- - No pro- Nopro- No pro- 
tection tection tection tection 
5 ++ 4 > ay ++ ++ % + ? +++ ” 
10 +4+4++ +4+4++ +4+++4+ + +++ + ++++ = 
20 ++++ Nottested ++++ +++ F4+4++ t+4+4++ +444 ++ 


It has been found that there was no relationship between the age of the 
tree from which the apples were picked and the antiscorbutic activity. The 
Bristol Bramley’s Seedlings were picked from trees eight years old and the 
Canterbury and Burwell Bramley’s Seedlings from trees about twice this age, 
yet the difference in the antiscorbutic activity of these apples is not significant. 
On the other hand, all the Burwell apples (Cox’s Orange Pippin, Worcester 
Pearmain and Bramley’s Seedling), differing so much in activity, came from 
trees of approximately the same age. Nor can there be a direct relationship 
between the soil on which the apples are grown and their vitamin content, 
since the Bramley’s Seedlings represent three different types of soil, whilst 
the Burwell and Long Ashton apples which showed a varying vitamin content 
came from similar soils. 


THE ANTISCORBUTIC ACTIVITY OF EARLY GATHERED APPLES. 


These experiments were not instituted with the intention of making a 
detailed study of the relationship between the varying stages of the age cycle 
on the antiscorbutic activity of the apple. Such an inquiry is in progress. 
They were intended to be more of an exploratory character in order to ascer- 
tain whether a very marked difference in activity is obtained by picking 
apples earlier. The experiments were carried out on the Canterbury Bramley’s 
Seedling and the Burwell Cox’s Orange Pippin. Apples of these varieties 
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were picked from the same trees 14 days before the normal apples were 
gathered. It will be seen from Table II that there is no marked difference 
between the activity of these apples and that of the normal picking from the 
same trees a fortnight later. Nor is there to be observed a marked difference in 
the activity in the case of the Cox’s Orange Pippin. 


Table II. Relative antiscorbutic potency of early and normal apples. 


' Early Cox’s Normal Cox’s 
Dose Early Bramley Normal Bramley Orange Pippin Orange Pippin 
g. 1927, Canterbury 1927, Canterbury 1928, Burwell 1928, Burwell 
3 ++++ +++ + + 
5 +++ ++++ + + 
10 ++++ to $+ +++ 
20 ++++ ++++ Not tested +++ 


INFLUENCE OF STORAGE ON THE ANTISCORBUTIC POTENCY OF APPLES. 


Preliminary observations were made on the vitamin C in apples which 
aged after gathering under two empirical methods of storage, namely, “cold 
storage” and “gas storage.”’ In the former case the apples were kept at 1° 
(constant) in the air and in the latter in an atmosphere of 10% carbon 
dioxide, 11 % oxygen and 79 % nitrogen at 10°. The storing was done at the 
Low Temperature Research Station, Cambridge. 

Table III shows that little deterioration had taken place in the vitamin 
during storage and that the loss, such as it was, was more marked in the 
“gas-stored” apples. This disparity in the inactivation of the vitamin is 
particularly marked in the Cox’s Orange Pippin. The question as to what 
extent it is characteristic of this variety cannot at present be answered, since 
only one storage experiment has so far been carried out with it. It is further 
seen that early picking and soil do not seem to influence the behaviour of the 
antiscorbutic factor in apples on storage. 


Table III. Relative antiscorbutic potency of stored apples. 


Early Early Normal Normal 
Bramley Bramley Bramley Bramley 
Early 1927, 1927, Normal 1927, 1927, 
Bramley Canterbury. Canterbury. Bramley Canterbury. Canterbury. 
Dose 1927, Cold-stored Gas-stored 1927, Cold-stored Gas-stored 
g. Canterbury 1°, 98days 10°, 98days Canterbury 1°,98days 10°, 98 days 
3° +444 +++ $4 +++ tH +4 
5 +++ +ee4 +++ +et+ +++ +++ 
10 +++ ++4++ t++44 ++4++ ++++ ++++ 
20 ++++ ++4++ ++++ ++++ ++++ ++++ 
Cox’s Cox’s 
Normal Normal Orange Orange 
Bramley Bramley Cox’s Pippin Pippin 
Normal 1928, 1928, Orange 1928, 1928, 
Bramley Burwell. Burwell. Pippin Burwell. Burwell. 
Dose 1928, Cold-stored Gas-stored 1928, Cold-stored Gas-stored 
g- Burwell 1°, 105 days 10°, 140 days Burwell 1°, 79 days 10°, 83 days 
3 ++++ ++4+4+ +++ “ No protection No protection 
5 ++++ Test not ttt+ + - % 
finished 
10 + +++ 5 jes find +++ as ” 


20 Not tested Not tested ++++ ++++ ++++ 
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THE ANTISCORBUTIC ACTIVITY OF IMPORTED APPLES. 


The following imported varieties have been tested: Cleopatra Louden, 
Western Australia (May, 1927) and Karragullen, Western Australia (April, 
1928), Jonathan (May, 1927), Strawberry Pearmain, Louden, Western Australia 
(May, 1927), Cleopatra, Baghdad, Tasmania (May, 1927) and New Zealand 
(May, 1927), Kings, Ontario (November, 1927) and Burlington, Ontario 
(January, 1929), Kings, Nova Scotia (November, 1927), Jonathan, British 
Columbia (November, 1927), Penticton, British Columbia (October, 1928) and 
Cox’s Orange Pippin, Penticton, British Columbia (October, 1928). 

Circumstances did not favour the collection of as many details about the 
imported experimental material as was possible in the case of the English 
apples but it will be seen from the above that the general aim was to get 
(1) a number of varieties, (2) one variety from different places and (3) one 
variety from as nearly as possible the same place two consecutive seasons. 


Table IV. Relative antiscorbutic potency of imported dessert apples. 


Strawberry 


Cleopatra Cleopatra Jonathan Pearmain Cleopatra Cleopatra 
Dose 1927, 1928, 1927, 1927, 1927, 1927, 
g. Australia Australia Australia Australia Tasmania New Zealand 
3 Not tested Not tested Not tested Not tested Not tested Not tested 
5 Noprotection No protection No protection ? No protection No protection 
10 ? ? ms 2% +? 
20 a? + + + +? + + ~ 
Cox’s 
Orange 
Kings Jonathan Jonathan Pippin 
Kings Kings 1927, 1927, 1928, 1928, 
Dose 1927, 1928, Nova British British British 
g. Ontario Ontario Scotia Columbia Columbia Columbia 
3  Noprotection Nottested No protection No protection No protection No protection 
5 ~ No protection _ “ = +? 
10 + + +? + ++ + +? 
20 ++ Not tested ++4+ ++4++ t+ + $4 


It is seen from Table IV that the Australian and the New Zealand apples 
were not as potent as the Canadian apples, which were almost as potent as 
the English dessert varieties. On the other hand, there is comparatively little 
difference in activity among the different varieties coming from various places 
in the same country and belonging to two seasons, which is consistent with 
the observations made on the English apples. How can one explain the 
difference in the activity of the Australian, Canadian and English apples? 
In view of the results obtained in the storage experiments it would seem that 
this disparity is most probably due to the different lengths of time that elapse 
between the picking and the testing of the apples. It is to be noted that the 
Ontario King apples (January, 1929), which could only be tested in 5 g. and 
10 g. doses, about two months later than the majority of the Canadian apples 
showed, as far as one can judge, from this incomplete test, a vitamin content 
roughly of the order of the Australian apples and were decidedly lower in 
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potency than the same variety of the previous year tested earlier (November, 
1927). Another point of interest is that British Columbia Cox’s Orange Pippin, 
although tested early in October, shows a lower potency than the other 
varieties of the same origin. Unfortunately, the test, to some extent, was 
marred by the fact that most of the test animals on the highest dose did not 
consume their entire 20 g. of apple. The result, however, indicates the possi- 
bility that the antiscorbutic activity of Canadian Cox’s Orange Pippin as in 
the.case of this English variety, has a tendency to deteriorate more quickly 
than that of other varieties. 


THE EFFECT OF HEAT ON THE ANTISCORBUTIC ACTIVITY OF 
BRAMLEY’S SEEDLING. 


As Bramley’s Seedling is a cooking variety, it was of interest to ascertain 
the influence of heat on its antiscorbutic activity. The potency of heated 
apples before storage, after cold storage and after gas storage was, therefore, 
investigated. It was advisable to study the effect of heat on stored apples 
since evidently the stability of vitamin C is controlled by other factors than 
the vitamin itself [Zilva, 1927, 1928] and consequently there was the possi- 
bility that observations made on unstored apples might not hold true of 
apples which had undergone changes on storage. 

The apples were placed, in their skins, in a drying oven previously 
brought up to 160°. On the introduction of the apples the temperature fell to 
about 115°, at which temperature the heating continued for about 50 minutes; 
by this time the flesh of the apples was quite soft. On several occasions 
observation was made on the temperature of the apple by introducing a 
thermometer into the tissue to the depth of the core. The temperature rose 
from about 25° after 5 minutes to about 95° at the end of the heating. After 
cooling the soft pulp was scooped out and administered to the guinea-pigs 
in equivalent doses of the raw apple (there was usually a loss of about 10 % 
of the original weight in the process of heating). The Burwell Bramley’s 
Seedling (October, 1928) were used in these tests. Results of the experiments 
(Table V) show that very little destruction of the vitamin took place during 
the heating, whether freshly picked, cold-stored or gas-stored apples were used. 


Table V. Relative antiscorbutic potency of heated apples. 


Heated Heated 
Normal normal Normal normal 
Heated Bramley Bramley Bramley Bramley 
Normal normal 1928, 1928, 1928, 1928, 
Bramley Bramley Burwell. Burwell. Burwell. Burwell. 
Dose 1928, 1928, Cold-stored Cold-stored Gas-stored Gas-stored 
g. Burwell Burwell i i 10° 10° 
3 ++++ Pe as ae ees eo ++ (use 
5 ++++ ++++ Test not t++4 +++ +++ 
finished 
10 ++ ++ +++ + 99 ++ + -+++ ++ + 
20 Not tested t+++ Not tested ++++ +++ ++4H+ 
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THE CHEMICAL COMPOSITION OF THE APPLE VARIETIES TESTED. 


The biological test for vitamin C yields, of course, the composite effect of 
the batch as a whole. It gives no information concerning the individual 
variation of the apples in antiscorbutic potency. Under these circumstances, 
in order to obtain a fair comparison between certain chemical data and the 
vitamin content of apples, the material to be tested should be in a stable and 
uniform condition which would represent both chemically and biologically 
the average of the batch. An elaboration of such a method is in progress. In 
order, however, to obtain some information about the chemical composition 
of the fruits tested, a few representative apples of each batch were analysed. 
Although the number of estimations of each sample of apples was too few 
for the formation of any definite conclusions, nevertheless, the data offered 
some information which at this stage of the inquiry may be considered of an 
indicative nature. 

Figures more or less similar to those previously obtained by other workers 
for these varieties have been recorded and afford no information which can 
be correlated with the biological activity. Particularly striking was the 
similarity in the general chemical composition of the Bramley’s Seedling 
and the King Edward, which differ so much in their vitamin content. There 
was one chemical dissimilarity, however, namely that of the nitrogen content. 
Unfortunately, owing to an oversight, the nitrogen of only two batches was 
determined, namely, those of the gas-stored Burwell Bramley’s Seedling 
(1928) and of the stored King Edward (1928), which were carried out on 
three representative apples of each batch in March, 1929. The percentages 
of N were as follows: King Edward, 0-061, 0-070, 0-072; Bramley’s Seedling, 
0-027, 0-035, 0-038. In a work of this nature these figures are too few for 
drawing categorical conclusions but they are, nevertheless, significant enough 
to be considered in future research. 


CONCLUSIONS. 


One of the main objects of this investigation was to ascertain whether a 
functional relationship existed between the antiscorbutic principle and any 
other factor or factors in the apple. The experimental evidence so far obtained 
does not supply the answer. Considering the number of variables involved, 
it would indeed have been a very fortunate coincidence if the first set of pre- 
liminary experiments were to have supplied definite information. We have, 
nevertheless, made a number of observations, some of which may be con- 
sidered as more or less definite, whilst others can serve at this stage only as 
indications. If some of these observations are not capable of full interpre- 
tation at present, their significance will, in all probability, be disclosed as 
the investigation develops. 

It is no surprising feature to find a variation in the antiscorbutic activity 
of apples, but the persistent high vitamin content of the Bramley’s Seedlings 
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attracts special attention. Judging from the results so far obtained one may 
exclude age of tree, soil and season as being directly responsible for this high 
activity, since, as we have seen, the Cox’s Orange Pippins, Worcester Pearmains 
and Dabinetts were grown under similar conditions and yet were less active. 
The contrast is even more marked when the Bramley’s Seedlings are compared 
with the King Edwards, a variety resembling them so much. Apart from the 
difference in the vitamin C content the only disparity which was observed in 
these two varieties was in the nitrogen content, but, as already stated, the 
number of estimates was few. Whether this property of the Bramley’s Seedling 
is “racial” and if so, whether it is associated with any other outstanding 
characteristic, has still to be established. It would be further of interest to 
ascertain whether the smaller degree of difference in the antiscorbutic activity 
observed among the dessert and cider varieties is definitely characteristic of 
these apples. 

That high antiscorbutic activity is the property of the average 
Bramley’s Seedling, whether freshly picked or stored and that it persists 
after heating, is a point of some interest to the dietetician. Yet one can 
hardly consider the lesser antiscorbutic activity of the dessert varieties, 
English or imported, as inimical to their nutritive value, since in the con- 
sumption of these varieties under normal conditions the vitamin C require- 
ments are usually amply covered by the general diet; much rather is the 
dessert apple valued for its palatability, flavour and other characteristic pro- 
perties. This point is stressed owing to the fact that there is a tendency at 
present to give wrong values to experimental facts obtained in vitamin re- 
search when applied to practical hygiene and commerce. 

It is also quite difficult at this stage to interpret the significance of the 
disparity in activity of the apples which were stored at 10° in an atmosphere 
of oxygen, carbon dioxide and nitrogen and of those which were allowed to 
age in the ordinary atmosphere at 1°. What bearing, if any, vitamin C has 
on the physiological changes of the apple in its progress through youth, 
maturity and senescence is a problem which still awaits solution and which 
we hope will be elucidated by the experiments which are now in progress. 


SUMMARY. 


1. Of a number of apple varieties tested for their antiscorbutic potency, 
Bramley’s Seedling was found to be markedly more active than all the 
other varieties, which differed among themselves comparatively very much 
less in their vitamin C content. There were no indications that the character 
of the soil, the age of the tree or season had any bearing on the antiscorbutic 
activity of the apple. 

2. Bramley’s Seedlings picked from the same tree 14 days before the 
normal crop were approximately of the same antiscorbutic activity. 

3. There was little loss in the vitamin C content of apples stored at 1° in 
the air or at 10° in a mixture of carbon dioxide, nitrogen and oxygen for about 
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3 months. The gas-stored apples showed, however, a definitely greater de- 
terioration in the vitamin. 

4. Tests carried out on a number of imported dessert apples showed that 
the activity was higher in those cases in which the time elapsing between the 
picking of the fruit and the testing was the shortest. There was also no indi- 
cation in the case of these apples of any very marked difference in activity 
which could be correlated with the difference in variety. 

5. Heating of Bramley’s Seedlings in their skins hardly affected their 
antiscorbutic activity. 


It is with great pleasure that we take this opportunity of acknowledging 
our indebtedness to Drs. West and Kidd of the Low Temperature Research 
Station, Cambridge, and Professor Barker of the Agricultural and Horti- 
cultural Research Station, Long Ashton, for much valuable help and advice. 
It is evident from the nature of the inquiry that without their assistance the 
pomological aspect of this investigation would have been considerably re- 
stricted. 

Our thanks are also due to Mr P. G. H. Barter of the Empire Marketing 
Board for his assistance in collecting the imported varieties of apples. 

Having had the privilege of consulting Sir William Hardy at various 
stages of this inquiry we cannot conclude without expressing our high appre- 
ciation of his stimulating encouragement. 
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Ir has been observed from time to time by various investigators, e.g. Funk 
and v. Schénborn [1914], Funk [1920], Honeywell [1922], Riddle and Honey- 
well [1923], Collazo [1923], Randoin and Lelesz [1925], Marrian, Baker, 
Drummond and Woollard [1927], Schwarz and Heinrich [1928], and Kinnersley 
and Peters [1929], that the total reducing value of normal avian blood is 
considerably higher than that of normal mammalian blood; in fact this value, 
when expressed in terms of glucose, seems to show that the sugar level in 
normal birds is roughly the same as that which is characteristic of human 
diabetics. Schwarz and Heinrich, for example, found that the average total 
reducing value of hens’ blood was as high as 253 mg. of glucose per 100 cc. 
when estimated by the Hagedorn and Jensen method. Marrian et al. obtained 
values of 180mg. per 100 cc. for pigeons deprived of food for 24 hours. 
Collazo found 210 mg. of glucose per 100 cc. for pigeons; and Riddle and 
Honeywell observed variations in the sugar level according to the breed of 
pigeons used, their values lying between 149 and 258 mg. of glucose per 
100 cc. The question therefore arises whether these high values are caused 
by an additional amount of glucose as compared with that of mammalian 
blood, or whether the non-glucose reducing substances in avian blood are 
present in amounts sufficient to lower the true glucose value to one approaching 
mammalian limits. Intimately connected with this problem are the unpub- 
lished observations (a) by Kinnersley and Peters, that the reducing value of 
the blood of pigeons in insulin convulsions is about 70 mg. of glucose per 
100 cc. when estimated by the Hagedorn and Jensen method; and (b) by 
J. T. Irving, that the apparent glucose content of pigeons’ blood is about 
60 mg. when glycolysis has proceeded until the reducing value has become 
constant. We take this opportunity to express our indebtedness to Dr. Irving 
for allowing us to mention his observations. These results seem to show that 
the amount of non-glucose reducing substances in pigeons’ blood is con- 
siderable, and it is therefore important to ascertain their nature, relative 
proportions and, if possible, their function. This information is needed in 
order to decide what is the best method of estimating the blood-“ glucose,” 
but in addition unusual interest centres round the question of function, since 
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it has been shown by Riiter [1923] that glycolysis of goose and hen blood is 
slight or absent in vitro, and by Bornstein and Ascher [1926] that this is due to 
the presence of oxygen, observations which we have confirmed in the case of 
pigeons. It was considered possible that the inhibition of glycolysis and the 
apparent high content of non-glucose substances might be interdependent. 


EXPERIMENTAL. 


The reducing substances of normal pigeons’ blood. 


It is evident that the solutions of the two problems outlined above may 
be approached by the same route, namely by determining the total “sugar,” 
eliminating the true glucose by means of insulin or glycolysis, and then 
estimating the substances responsible for the residual reduction. This choice 
of method of eliminating glucose is justified by the work of Hiller, Linder 
and Van Slyke [1925], who concluded that glycolysis and the administration 
of insulin resulted in the destruction of the same amount of glucose. From 
the figures thus obtained the true glucose content may be calculated. In 
order to avoid any criticism which might be levelled at this statement, we 
wish to make it clear that we do not contemplate entering the present con- 
troversy on true blood-glucose. For the purpose of the present communi- 
cation, we shall consider as the blood-glucose the reducing substance (or 
substances) which disappear during glycolysis or after insulin treatment. 

Throughout this work the reducing values have been determined by the 
Hagedorn and Jensen method. A survey of the literature on the subject of 
blood-sugar has convinced us that it would be unwise to base conclusions on 
results derived by different methods. The work of Herbert and Groen [1929] 
is of special interest in this connection. 

The samples have been collected by stunning and guillotining the pigeons 
(in some cases stunning was omitted), and shedding the blood directly into 
heparin (6 mg. per bird). This anti-coagulant has no significant reducing value 
in the Hagedorn and Jensen estimation. Assuming that it survives completely 
the initial stage of protein precipitation, its presence in a concentration of 
1 mg. in 1 cc. of blood would raise the blood-“‘sugar” by 1-2 mg. per 100 cc. 
since 0-5 mg. of heparin is equivalent to 0-04 cc. of 0-005 N alkaline ferri- 
cyanide. 

Glycolysis, though absent in aerated avian blood, proceeds normally in 
presence of potassium cyanide or in absence of oxygen [Bornstein and Ascher, 
1926]. In the glycolytic experiments recorded in this paper, it has been found 
advisable to add 1 mg. of potassium cyanide per cc. of blood. In this con- 
centration potassium cyanide has no significant effect in the Hagedorn and 
Jensen method, supposing that it survives the initial protein precipitation, 
since determinations with aqueous solutions have shown that 0-1 mg. of 
potassium cyanide is equivalent to 0-01 cc. of 0-005 N alkaline potassium 
ferricyanide. 
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Characteristic curves are given in Fig. 1 for the glycolysis in presence of 
cyanide of normal pigeons’ (A) and of cockerels’ blood (C) when agitated 
gently at 37°. Curve A shows that, in confirmation of Irving’s [1926] obser- 
vations for mammalian blood and unpublished observations for pigeons’ 
blood, glycolysis proceeds in an approximately linear manner. After some 
6 hours in pigeons’ blood, it stops rather abruptly at 60-70 mg. “apparent” 
glucose per 100 cc. This value has been regarded throughout this research as 
the “residual” reduction after glycolysis. Curve C shows that in a cockerel 
glycolysis stops abruptly at approximately the same level and indicates that 
the facts here described are also true for hen blood. This matter has not been 
further investigated. 


Glucose mg. per 100 ce. 





Hours 
Fig. 1. Glycolysis in presence of cyanide. 
A. Normal pigeon. B. Abnormal avitaminous pigeon. C. Normal cockerel. 


The curve B represents the glycolysis of the blood of a polyneuritic pigeon 
under the same conditions, and is included in order to show that the form of 
the curve is unaltered (as compared with the normal bird). The values in curve B 
are however exceptional, being the lowest ever recorded for B-avitaminous 
pigeons in this laboratory. We have been unable to obtain curves for more 
typical avitaminous pigeons owing to an apparent inefficiency of the a 
system in such cases (see p. 101). 


The total value of the “residual” reduction in terms of glucose. 

In Table I may be seen the effect of eliminating the glucose from the blood 
of a number of typical normal pigeons. Attention is directed to the high total 
blood-“sugar” and the comparative constancy of the residual reduction figure 
after glycolysis. 


Table I. 
Results in mg. glucose per 100 ce. blood. 
Duration of * Residual reduction 
Initial glycolysis — oA 7 
Bird “sugar” in hours KCN Anaerobic 
1 Insulinised (88)* 4 69 71 
2 Normal 212 — ek — 
3 ss 237 10 74 78 
4 239 24 68 <— 
ee 223 12 82 san 


* Tn convulsions. 
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The average value for the blood-“‘ sugar” in normal pigeons as taken out 
of the cage (and therefore feeding) has been found to be 230 mg. + 20 mg. per 
100 cc., and that for birds kept without food for 24 hours 205 mg. + 15 mg. 

Since the residual reduction value represents non-glucose substances, the 
approximate glucose content of pigeons’ blood may be derived from the 
preceding table. The average value for the total “sugar” is 228 and that of 
the residual reduction 73, whence the glucose content is 155 mg. per 100 cc. 
for the feeding bird, a value greater it is true than that of most mammalian 
bloods, but lower than the uppermost limit for the ox [Schwarz, 1928]. Hence 
the glucose value for the blood of pigeons deprived of food for 24 hours must 
be 135 + 15 mg. per 100 cc. It is clear therefore that the residual reducing 
value of pigeons’ blood is considerably higher than that of mammalian blood, 
and consequently the true glucose value of birds’ blood is not so widely 
divergent from that of mammals as the Hagedorn and Jensen estimations 
appear to show [compare Lund and Wolf, 1926]. 


The nature of the residual reducing substances. 


Attention was then directed to the nature of the substances responsible 
for the residual reduction, and uric acid, glutathione and ergothioneine came 
into consideration as possibilities. Uric acid has long been known to occur 
in avian blood, and Randoin and Fabre [1927] have detected aliphatic 
sulphydryl compounds in pigeons’ blood and estimated the average content 
as 61mg. per 100cc. of blood, although individual variations were large. 
Hunter [1928] found ergothioneine in fowls’ blood, and we have isolated some 
5 mg. of the hydrochloride from the combined bloods of ten pigeons (see p. 101). 

Reducing value of uric acid. Holden [1926] has observed that the reducing 
power of uric acid in the Hagedorn and Jensen method is 53 % of that of 
glucose. Flatow [1926] showed that uric acid reduces cold potassium ferri- 
cyanide solution. Similar experiments have now been performed from which 
it has been deduced that uric acid when oxidised by cold alkaline potassium 
ferricyanide solution has a reducing value of 53 % of that of glucose when 
oxidised by hot ferricyanide, and that this value remains unchanged when 
the mixture of uric acid and ferricyanide is heated as in the Hagedorn and 
Jensen method. 

Oxidation by cold alkaline ferricyanide. Since the Hagedorn and Jensen 
method involves the liberation of free iodine, it is clear that compounds such 
as ergothioneine and glutathione, which contain sulphydryl groups, will have 
an “apparent” reducing value even if stable to ferricyanide, since the amount 
of ferricyanide reduced is measured by estimating by means of thiosulphate 
the amount of iodine liberated by the excess of ferricyanide. The utilisation 
of iodine in such oxidations would therefore appear as oxidation by ferri- 
cyanide. In the hope of estimating the non-glucose reducing substances by 
such means, a “cold Hagedorn and Jensen method” has been employed. 
The sole modification is that the alkaline ferricyanide solution and blood 
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filtrate are not heated but are at once mixed with potassium iodide-zince 
sulphate solution, then with acetic acid and titrated with thiosulphate. The 
blank estimation is of course a simple titration of unheated ferricyanide with 
thiosulphate. In Table II are recorded the “cold” reducing values, calculated 
as mg. glucose in 100 cc. of the bloods of the same pigeons used for the 
experiments of Table I. 
Table II. 
1 and 8 insulinised, 2-7 normal. Results in mg. glucose per 100 cc. 


Bird 1 2 3 4 5 6 7 8 
fnitial cold value 32 34 32 ao 32 ll 30 44 
After glycolysis —- — -- 39 35 14 32 — 


It is clear that with one exception, which will be discussed below, there is 
little significant variation in normal pigeons and that the “cold” value is 
not affected either by glycolysis in presence of cyanide or by the administra- 
tion of insulin. It should also be noted that the figures represent only 40-60 % 
of the total non-glucose reduction. This fact will be referred to later. 

Table III has been constructed to show that the substances responsible 
for the “cold” reducing value and also for the residual reduction by the 
customary method are present almost entirely in the corpuscles, and that the 
serum is almost free from these substances. 


' 


Table ITI. 


Results in mg. glucose per 100 cc. Bloods centrifuged, relative volumes of corpuscles and 
serum noted, and plasma pipetted off. Corpuscles usually diluted to original volume of blood 
with saline. Figures in brackets are samples taken after complete glycolysis. 

Corpuscles Serum Whole blood 
eet tine \ a co 2 
Bird Cold Hot Cold Cold Hot 
1 34 73 4 34 213 
2 -- 50 — _— 368 
3 _- 71 (53) — 21 — 370 
4 ms (53) _ ae (63) 


Table IV. 


Amounts in mg. Vol. of solutions, 15 cc. 


Ergothioneine Glucose Apparent Glucose Reducing power 
Method added added glucose cale. glucose = 100 
Cold* 0-172 None 0-097 56 
Coldt 0-178 0-099 56 
Coldt 0-200 ‘i 0-108 54 
Hot* 0-172 = 0-104 61 
Hott 0-178 . 0-117 66 
Hott 0-200 * 0-133 , 66 
Cold None 0-299 None — — 
Hot = 0-312 0-229 0-312 ~ 
Hot 0-086 0-149 0-200 0-18 59 
* Ergothioneine from ergot. 
+ Ergothioneine from ergot (different sample). 
{ Ergothioneine from pigs’ blood. 


Reducing values of ergothioneine. Table IV shows the reducing power of 
ergothioneine by the “hot” and “cold” Hagedorn and Jensen methods and 
makes it clear that coupled oxidations with glucose do not occur (cf. Somogyi, 
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1927]. Holden [1926] has shown that uric acid, cystine, creatinine and amino- 
acids do not give rise to coupled oxidations. Sjollema [1927] states that 
ergothioneine in 0-1 % solution has a reducing value of 84 as compared with 
glucose 100. 

Reducing values of glutathione. Table V shows the “hot” and “cold” 
values for the tripeptide reduced glutathione [F opkins, 1929]. 


Table V. 
Amounts in mg. Vol. of solutions 15 ce. 
Glutathione Apparent Reducing power 
Exp. Method added glucose glucose = 100 Remarks 
1 Cold 0-500 0-088 17-6 Titrated immediately 
(30 secs.) after adding 
alkaline ferricyanide. 
2 Cold 0-500 0-064 12-8 Titrated 5-15 mins. 
after adding alkaline ' 
ferricyanide 
3 Hot 0-500 0-227 45-4 — 


Exps. 1 and 2 show that the speed of estimation makes a considerable 
difference to the result obtained by the cold method, and Exp. 3 that hot 
ferricyanide gives a much higher value than cold. 


Estimations of non-glucose reducing substances in different filtrates. 

In attempting to draw up a balance sheet of non-glucose reducing sub- 
stances, we were led to examine qualitatively, and later quantitatively, blood- 
filtrates obtained by different methods. The following table gives a list of the 
compounds present. 


Table VI. Reducing compounds other than glucose present in blood-filtrates. 


Total: 70 mg. + 10 mg. per 100 cc. (calculated as glucose). 
Approx. 
amount in 
zine filtrate 


Tungstic  Trichloroacetic in mg. per 
Substance acid acid Zinc 100 ce. 
(1) Uric acid +(a) ? ? ? 
(2) —SH compounds +(b) +(e) ~- -— 
(3) —S.S— compounds +(c) aoe — 
(4) Ergothioneine +(d) ? +(f) 30 
(5) Unknown, reducing ? ? + 10 


cold ferricyanide 
(6) Unknown, reducing ? ? 4 40 
hot ferricyanide 


(a) Benedict [1922]. (6) Nitroprusside reaction. (c) Walker’s reaction [1925]. (d), (f) Com- 
oe giving G. Hunter’s ergothioneine reaction [1928]. (e) Less —SH compounds present than 

It will be seen that the zine filtrates (Hagedorn and Jensen) are freer than 
others from all compounds except ergothioneine, and that for any given blood 
the variations between the reducing values obtained upon a zinc filtrate and 
a trichloroacetic acid filtrate will depend upon fluctuations in ergothioneine 
content and the extent to which other sulphur compounds are present in the 

















REDUCING SUBSTANCES OF PIGEONS’ BLOOD 97 


trichloroacetic acid filtrate. This accounts for results of Kinnersley and Peters, 
in which with pigeons’ blood they have found irregular variations between 
the “‘sugar” values of these two filtrates respectively, the trichloroacetic 
acid filtrates being 20-30 mg. higher. Ergothioneine cannot be estimated in 
the trichloroacetic acid filtrates because this reagent inhibits the diazo- 
reaction even in neutralised filtrates. 

After these experiments were completed, we became aware that Somogyi 
[1929, 1] had stated that ergothioneine, glutathione and uric acid are absent 
from zinc filtrates. The discrepancies between the two series of results are 
doubtless due to the fact that Somogyi precipitated the proteins by shaking 
at room temperature and not by heating, as in the Hagedorn and Jensen 
method. The present observations explain the statement by Somogyi in another 
paper [1929, 2] that the Hagedorn and Jensen technique leaves only about 
half as much of non-fermentable reducing substances in the filtrate as the 
tungstic acid procedure. 

Bearing in mind that the cold reducing value of uric acid is 53 %, of 
ergothioneine 56 %, and of glutathione 17 % of that of glucose, we may now 
compare the amounts of ergothioneine, uric acid and aliphatic —SH com- 
pounds as estimated by accepted methods with the values obtained for the 
cold reduction of various types of filtrate. 


Table VII. 


The pigeons are the same as those in Tables I and II. Results in mg. per 100 cc. blood. 
5-7 normal, 8 insulinised. 
Tungstic acid 


Trichloro- 
Zine. acetic acid. Rockwood 
Ergo- Toial—SH Total —SH Indirect thioneine Ergo- 
Bird thioneine as cysteine as cysteine uric acid as uric acid thioneine 
6 0 42 61 3°8 1-0 0 
7 33 61 85 3-7 1:3 13 
5 —_ 85 — 4-5 1-7 — 
8 _— —_— _— _ — 10 
17 30 — — — — 6 
18 27 _ “= _ — 5 


Ergothioneine and —SH compounds. Table VII records estimations of 
these in the bloods of normal pigeons. Ergothioneine was estimated by 
Hunter’s method, using aqueous solutions of ergothioneine hydrochloride as 
standards, and the total sulphydryl compounds were determined by adding 
to the solutions an excess of 0-005 iodine in potassium iodide solution and 
titrating the unused portion with 0-005N thiosulphate solution using starch 
as indicator. Tungstic acid filtrates were rendered faintly acid before the 
estimation of sulphydryl compounds. The term “indirect uric acid” has the 
meaning given by Bulmer, Eagles and Hunter [1925] and represents that 
portion of the silver precipitate which is decomposed by sodium chloride- 
hydrochloric acid solution and considered to be true “uric” acid. “Rockwood 
thioneine” represents the insoluble solid from this treatment, which was 
regarded as ergothioneine by Rockwood, Turner and Pfiffner [1929]. This 
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fraction contains a considerable amount of aliphatic sulphydryl compounds 
or disulphides as may be shown by means of Walker’s test, and the figures 
have no real significance. The “indirect uric acid” fraction also contains 
traces of these compounds, but when estimated colorimetrically their concen- 
tration was about 1 in 8000. Their presence may be neglected, since we have 
found that one part of uric acid gives the same colour as 125 parts of cystine 
in the Benedict method [1922] of estimation. 

It will be noticed that whereas zinc filtrates tend to give 30 mg. ergo- 
thioneine (with exception of bird 6 to which reference is made later), the 
values for ergothioneine in the tungstic acid filtrate are lower and variable. 
This is in part due to the difficulty of comparing the colours in the latter 
filtrates. In the case of 17 and 18, the tungstic acid filtrates gave a colour 
with Hunter’s reagent which matched phenol red of py 7-3 and 7-1 respec- 
tively, and the values were obtained by matching against a phenol red 
standard at py, 7-1. For this purpose we made the assumption that there was 
present in the py 7-1 solution 1/5 phenol red dissociated as the alkaline 
indicator. The results for the tungstic acid filtrates can be regarded as only 
approximate, but it is clear that zinc filtrates appear to contain considerably 
more substances which give Hunter’s ergothioneine reaction than do tungstic 
acid filtrates. These may be ergothioneine itself, or perhaps other thiol- 
glyoxalines, since it is stated [Benedict and Newton, 1929] that tungstic acid 
coagulation precipitates a large proportion of the ergothioneine present in 
blood. In this connection it may be noted that Sjollema [1927] concluded 
from sulphur analysis that sulphur-containing compounds other than ergo- 
thioneine and glutathione are present in blood. 


Hot and cold Hagedorn and Jensen estimation of different types of filtrate. 


In Table VIII are shown the results of estimations made on the zinc, 
trichloroacetic acid and tungstic acid blood-filtrates of the same pigeons by 
the cold and hot Hagedorn and Jensen methods. Though not numerous these 
results are sufficient to show the type of variation to be expected in general; 
the “sugar” values of zine and trichloroacetic acid filtrates differ somewhat 
by the hot method, the latter being slightly higher, and the results for 
all three types of filtrate show variations by the cold method. These dis- 
crepancies are no doubt due in part to the fluctuating content of aliphatic 
sulphydryl compounds. Sjollema [1927] has observed a similar increase in 
non-glucose reducing substances in tungstic as compared with trichloroacetic 
acid filtrates. In view of the results with pigeon No. 6 it is interesting that 
Herbert and Groen [1929] have observed that the hot Hagedorn and Jensen 
method gives figures which are on the average 27 mg. per 100 cc. higher in 
tungstic acid than in zinc filtrates obtained from human blood. 

It will be noted that “cold” values upon the tungstic filtrate give about 
30 mg., or approximately the same as the zinc filtrate, though it must be 
emphasised that the substances responsible are different in the two cases. 
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Table VIII. 
Results as mg. glucose per 100 ce. blood. 


Zine Trichloroacetic acid Tungstic 

—aX— IHU acid. 

Bird Cold Hot Cold Hot Cold 
7 30 227 14 — _— 
6 1l 253 19 -= 34 
4 — 239 28 246 —- 
5 32 223 28 225 — 
17 tes pat si Sie 31 
‘18 _ ai a — 30 


All trichloroacetic acid filtrates were neutralised before estimation. 


Unknown substances reducing “cold” ferricyanide. 


Special interest attaches to the estimation of zinc filtrates by the cold 
method because the amounts of non-glucose substances there present are 
unable to account for the whole of the reduction. This is best illustrated by 
reference to pigeon No. 6, from whose blood ergothioneine was absent. The 
cold value is still 11 mg. of glucose per 100 cc., and the uric acid content 
(estimated from the tungstic acid filtrate) is of the normal order. Assuming 
that the same amount is present in the zinc filtrate, it is approximately 
equivalent to 2 mg. of glucose, so that the equivalent of 9 mg. of glucose per 
100 cc. remains unaccounted for. The assumption made here is probably 
unjustified if interpreted too exactly, but the uric acid content of zinc and 
tungstic acid filtrates would presumably be of the same order. Now uric 
acid has half the reducing power of glucose, and creatinine and creatine, which 
may also be present, are stabie to cold alkaline ferricyanide in amounts 
representing 200 mg. per 100 cc. of blood, whereas Scheunert and Pelzchrzim 
[1923] have estimated the combined creatine and creatinine as only 4-7 mg. 
of creatinine per 100 cc., a figure in harmony with the results obtained for 
other avian bloods by different workers [Hunter, A., 1928]. It follows therefore 
that zinc filtrates must contain at least one other non-glucose reducing sub- 
stance which represents about 10mg. of glucose and is oxidised by cold 
alkaline potassium ferricyanide or by iodine. This conclusion is supported by 
the case of bird No. 7 where an approximate balance-sheet for the cold re- 
duction value shows that the equivalent of some 10-12 mg. of glucose is 
again unaccounted for. Evidence leading to the same conclusion may be 
derived from a consideration of the cold reducing value for the avitaminous 
pigeon No. 14, namely 18 mg. of glucose per 100 cc., since ergothioneine was 
present only in small amount in the zinc filtrate (approximately 8 mg. per 
100 ce.). 

Unknown substance reducing hot ferricyanide. 


Turning now to the residual non-glucose reduction of zinc filtrates by the 
hot Hagedorn and Jensen method as determined by insulin and glycolysis, 
the average increase of this over the cold values is 40 mg. of glucose per 
100 cc. Part of this increase is no doubt due to creatinine, stated by Holden 
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[1926] to have 67 % of the reducing power of glucose and by Holmes and 
Holmes [1926] to have a maximum effect of about the same value. Part 
corresponds to creatine, which Holmes and Holmes have shown to have a 
maximal efficiency of about 25 % of that of glucose; and part must represent 
the increase in the “hot” value over the “cold” for ergothioneine. These 
corrections cannot amount to more than 3 mg. per 100 cc. in all, and it is 
therefore evident that a considerable balance remains unassigned, although 
its nature must at present remain indefinite. Three hypotheses, however, 
may be cited. The presence of a uric acid-ribose compound such as that 
isolated from various bloods by Davis, Newton and Benedict [1922], or 
of other purine- or pyrimidine-carbohydrate compounds, would offer an 
explanation of the unassigned values in both the cold and hot methods, and 
is attractive in view of the peculiar position of uric acid in avian metabolism. 
Alternatively, the view may be taken that the unassigned cold and hot values 
have no relationship, and that the additional hot value represents either 
non-glucose carbohydrate or glucosephosphoric esters which have been formed 
during glycolysis or after the administration of insulin. 


The non-glucose reducing substances of B-avitaminous pigeons’ blood. 


Analyses of the reducing substances in the blood of B-avitaminous pigeons 
have been made chiefly to determine whether the hot and cold reducing values 
were altered in these abnormal cases. The results are recorded in Table IX. 


Table IX. 


Results in mg. per 100 cc. blood. 





Zine 
ean, 
Glycolysed; time Trichloroaceticacid. Tungstic acid 
in brackets Initial (calc. ——"—_ 
Initial in hrs. as glucose, Total 
(calc. as glucose) neutralised) —SH Indirect 
r A — c A + (calc. as uric 
Bird Cold Hot Cold Hot Cold Hot cysteine) acid Remarks 
9 21 336 25(11) 270 -_ sa 61 4-6 ELR. 
10 34 425 29 (22) 288 ~ -— -- —- H.R. a 
11 _— 216 — — 2 255 — — —_ 
12 21 195 — — 21 207 + _- H.R. 6 
13 — 115 — (6) 44 _ _ = at H.R. 
14 18 368 — 48 — — — a H.R. 
15 18 370 — 74 — — —_— — H.R. 
16 26 287 — — 26 285 — — H.R. 


‘. a indicates head retracted. a, very abnormal bird. 6, no symptoms after being on diet 
72 days. 


Examination of Table [X reveals that there is no very significant varia- 
tion between undieted and avitaminous pigeons as regards the cold values 
for zinc or trichloroacetic acid filtrates, and that the hot values for these 
filtrates in the case of polyneuritic birds have the same inter-relationship as 
in normal cases. The content of total sulphydryl compounds and of uric acid 
would seem to be unaffected by the change in diet. The cases have been 
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selected so that they include not only birds showing polyneuritic hyper- 
glycaemia (Nos. 9, 10, 14, 15), but also those exhibiting normal values (Nos. 
11, 12), and one having a very abnormally low blood-sugar (No. 13). 

In those pigeons in which the glucose content is very high the glycolytic 
system may be either impaired or unable through inactivation to deal with 
the large amounts of glucose, since in several instances (see Nos. 9 and 10) 
attempts to determine the residual reduction by removing glucose by glyco- 
lysis'were unavailing. Recourse was therefore made to the following pro- 
cedure (see Nos. 14 and 15). The blood was centrifuged, the respective volumes 
of corpuscles and serum noted, and the corpuscles suspended in sufficient 
isotonic saline to make up the volume of the blood. The glucose was then 
eliminated by glycolysis from the saline suspension and from a known mixture 
of a small part of the serum and a larger fraction of the corpuscular sus- 
pension. Glycolysis was almost complete in the corpuscle-serum mixture 
after 24 hours, as was confirmed by determinations after a further period of 
1} hours. From these results the residual reduction for the whole blood by 
the hot Hagedorn and Jensen method was calculated. It is clear that the 
residual reduction, due to non-glucose substances, is of the same order as in 
normal pigeons, but that it fluctuates more widely. 


Isolation of ergothioneine hydrochloride from pigeons’ blood. 


Ten normal pigeons were stunned and guillotined, and in each case the 
blood (120-150 ce. in all) was shed into 60 cc. of boiling 0-01N acetic acid. 
After being boiled for one minute to complete coagulation, the combined 
extracts were filtered and treated exactly as described by Benedict, Newton 
and Behre [1926] in the isolation of ergothioneine from pigs’ blood. The 
residue (12 mg.) of crude ergothioneine hydrochloride obtained by evaporating 
the final acid solution to dryness in a vacuum desiccator was almost free from 
aliphatic disulphide compounds (Walker’s test). It crystallised when rubbed 
with a drop of 0-5N hydrochloric acid, and the crystals were pressed on. filter 
paper and dried at 105°. The yield of pure material was 5 mg. This material 
melted at 207-208° alone or when mixed with a pure specimen of ergothioneine 
hydrochloride obtained from ergot, M.p. 207-208° (Tanret [1909], compare 
Newton, Benedict and Dakin [1927]), gave a very positive reaction by Hunter’s 
test in which the odour of trimethylamine was much in evidence, and was 
free from aliphatic sulphydryl and disulphide compounds. In an attempt to 
obtain a further supply for analysis, the blood from ten pigeons was worked 
up in the same way, but the product in this case (10 mg. in all) contained a 
relatively greater proportion of aliphatic disulphides, detected by Walker's 
test, and the amount was inadequate for recrystallisation. Since there can 
be no question that the substance isolated was ergothioneine hydrochloride, 
we did not think it justifiable to sacrifice the large number of pigeons which 
would be necessary to enable an analysis to be made. 
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Discussion. 


As a practical issue of the above work, we think that zinc filtrates made 
by the Hagedorn and Jensen method are the most reliable material for the 
estimation of glucose in avian blood, hecause they contain apparently a 
smaller number of non-glucose reducing substances than other types of 
filtrate. Somogyi’s method of precipitation at room temperature is stated to 
be reliable for human blood, but on the one occasion on which we tried it we 
found that the filtrate gave a “cold” value of 16 mg. per 100 cc. (calculated 
as glucose) and a “hot” value of 299 mg. The figures obtained for the normal 
Hagedorn and Jensen filtrate of the same blood were 26 and 287 mg. respec- 
tively. Since Somogyi’s filtrate presumably did not contain uric acid, gluta- 
thione, or ergothioneine [Somogyi, 1929, 1], it follows that it must have 
contained considerable amounts of other non-glucose substances. We regard 
the value of 16mg. per 100 cc. obtained by the “cold” estimation of the 
Somogyi filtrate as additional evidence for the presence of the suggested 
unknown “cold” reducing substance. 

Throughout this paper it has been assumed that absence of Hunter’s 
ergothioneine reaction presupposes absence of thiolglyoxaline compounds, 
except in the case of trichloroacetic acid filtrates. It is possible, however, 
that ergothioneine may exist in the corpuscles in equilibrium with its —S.S— 
form, and that this oxidised form does not give the Hunter reaction. This 
compound has been obtained by Tanret [1909] and by Barger and Ewins 
[1911] as a periodide, but has not yet been isolated from blood. No in- 
formation as to its behaviour towards the diazo-reagent is available, but 
experiments bearing on this point are in progress. 

It is of considerable importance from the standpoint of comparative 
observations upon birds and mammals to know that the working concen- 
trations of glucose in the tissues of the two classes are not widely different. 

The results for the avitaminous birds settle a possible objection to the 
conclusion of Kinnersley and Peters [1929] that the increased lactic acid in 
such brains does not depend upon the sugar content of the blood. If the 
concentration of non-glucose reducing substances in an avitaminous bird had 
been much less than normal, then an apparently normal “sugar” value would 
actually mean a higher glucose content. Since this is not true, the conclusions 
are valid. 


SUMMARY. 


1. The residual reducing value after glycolysis in pigeons’ blood is approxi- 
mately 70 mg. “glucose” per 100 cc. by the Hagedorn and Jensen method, 
representing substances mainly in the corpuscles. This agrees with the value 
reached in insulin convulsions. 

2. It has been deduced that the glucose content in the blood of pigeons 
kept without food for 24 hours is 135 mg. + 15 mg. per 100 cc., being not so 
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widely different from that of mammals as suggested by the total reducing 
value of approximately 200 mg. 

3. Filtrates prepared by different methods éontain different proportions 
of ergothioneine, uric acid and glutathione (aliphatic —SH compounds). 
These substances can be estimated in terms of glucose (100) by a “cold” 
Hagedorn and Jensen method, their values being: uric acid 53, glutathione 17 
(hot 45), and ergothioneine 56. 

4. Zinc filtrates made by the Hagedorn and Jensen method are the most 
reliable for estimating reducing substances in avian blood, but these contain 
in addition to glucose, ergothioneine and some other unknown substances 
reducing the ferricyanide reagent. Approximately 60 % of the residual value 
is not accounted for by ergothioneine. 

5. Zine filtrates do not contain aliphatic —S.S— and —SH compounds. 

6. There are no significant variations from the normal in B-avitaminous 
birds, 


7. Ergothioneine hydrochloride has been isolated from pigeons’ blood. 


We are indebted to Dr H. King for a sample of ergothioneine from blood, 
and to Sir F. G. Hopkins and Dr M. Dixon for a sample of glutathione. We are 
also grateful to the Medical Research Council for a grant towards the expenses 
of the research. 
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XV. HEAT-STABILITY OF THE (ANTI-DERMA- 
TITIS, “ANTI-PELLAGRA”) WATER-SOLUBLE 
VITAMIN B,. 
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From the Department of Experimental Pathology, Lister Institute, London. 


(Received January 2nd, 1930.) 


WueEn Goldberger and his colleagues [1926] discovered in yeast the water- 
soluble vitamin B,, the nutritional factor which they named “P-P” and 
considered was involved in the prevention and cure of human pellagra, its 
separation from the antineuritic vitamin B, was achieved by heating the 
yeast in an autoclave for 2} hours at 15 lbs. pressure. By this degree of heat 
the antineuritic vitamin was destroyed but the yeast thus heated contained 
a dietary factor necessary to prevent dermatitis and maintain health and 
growth in young rats. 

In the efforts of subsequent workers [Chick and Roscoe, 1927, 1928, 1929; 
Williams and Waterman, 1927, 1928; Hogan and Hunter, 1928; Reader, 1929] 
to unravel the complex formerly known as “vitamin B,” autoclaved yeast 
and autoclaved yeast extracts have frequently been employed as sources of 
vitamin B, apart from vitamin B,, and the former is usually referred to as 
the “heat-stable” or “more heat-stable” constituent of the complex. 

There is, however, little precise knowledge as to the degree to which 
vitamin B, is stable to heat, or of its sensitiveness to the action of acids and 
alkalis at high temperature. At the present time such information is especially 
important in view of the recently reported discovery of other thermolabile 
and thermostable constituents of the vitamin B complex, in addition to the 
well-established factors B, and B, [Hunt, 1928; Williams and Waterman, 
1928; Reader, 1928, 1929; Peters, 1929]. These researches are discussed later 
in this paper. 

While the following experiments were in progress, Williams, Waterman 
and Gurin [1929] published their investigation of the effect of reaction upon 
the destruction of vitamins B, and B, in brewer’s yeast, when heated for 
6 hours at 120° in an autoclave. They observed the growth of rats on diets 
in which the heated material was the sole source of vitamin B, or B, respec- 
tively. They concluded that much of the original vitamin B, survived the 
above degree of heating if the reaction were that natural to yeast (pq about 
4-5) and more if it were more acid (pq 1-0-2-0), and further that some at 
least of the vitamin B, could survive this treatment if the reaction were acid. 
If the material heated were alkaline (py 8-14) both vitamins were destroyed. 
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As far as we are aware the only approximately quantitative data in the 
literature on the heat-stability of vitamin B, are contained in a previous paper 
of our own [1927], where a comparison was made between the content of 
vitamin B, and vitamin B, respectively, in dried brewer’s yeast before and 
after heating for 5 hours in an autoclave at 120°. Of the unheated yeast 
0-05 g. sufficed to cure the collapse due to lack of vitamin B, observed in 
young rats on an otherwise complete diet, while no alleviation of symptoms 
was observed with 0-2 g. of the heated material. When the diet contained 
vitamin B, as Peters’s [1924] antineuritic yeast concentrate, 0-2 g. daily of 
the unheated, or 0-3-0-4 g. daily of the autoclaved, yeast sufficed to maintain 
growth and prevent dermatitis. That is to say, yeast after exposure to moist 
heat at 120° for 5 hours, contained about 50% of the vitamin B,, but no 
significant amount of the vitamin B,, present in the original material. 

The present paper contains the results of a more precise determination of 
the stability to heat of vitamin B, as contained in two different yeast products. 
Washed, pressed brewer’s yeast was used in one series of experiments 
(A, Table I); “Yeast Fraction 5,” an extract made from the former with 
dilute acetic acid, in a second series (B, Table II). 

Series A (Table I). Fresh brewer’s yeast was washed wich cold tap-water and 
filtered four times; it was then pressed. A weighed sample (No. 1) was removed 
and dried to serve as control material and for determination of dry weight. 
Five weighed portions of the remainder were taken, each puddled to a thick 
cream with an equal weight of water, the py being about 5-0 (bromocresol 
green). One portion (No. 2) was heated in a steamer for 2 hours at 98—100° 
and another (No. 4) autoclaved at 123° for 5 hours. Of the remainder, portions 
3 and 5 were made alkaline by addition of strong sodium hydroxide to a py 
about 9-10 (thymol blue) and heated respectively as portions 2 and 4 above. 
Portion 6 was acidified with concentrated hydrochloric acid to py about 3-0 
(thymol blue and bromophenol blue) and autoclaved for 5 hours at 123°, 
during which process the acidity fell to a py of about 3-5. The alkaline 
material in portions 3 and 5 similarly became less alkaline during heating. 
After heating, all five portions were dried to a convenient consistency in a hot 
room under a fan, 3, 5 and 6 being previously acidified to a p,, of about 4-5. 
Determinations of the dry weight were made in each final product, and, in the 
subsequent tests, the doses were calculated in terms of the dry weight of 
yeast contained. The values for py given above were obtained colorimetrically 
with indicators and are approximate only. 

The method of vitamin B, assay was that previously described [Chick 
and Roscoe, 1928; Aykroyd and Roscoe, 1929]. Young rats, 35-45 g. weight, 
immediately after weaning, were placed upon the basal diet free from B vita- 
mins for 1-2 weeks, during which period growth was arrested. Afterwards, 
they received a suitable daily dose of the material to be assayed for vitamin B, 
and 0-1 cc. (the equivalent of 0-6 g. yeast) of Peters’s [1924] antineuritic yeast 
concentrate, as source of vitamin B,. The growth of the rat was then observed 
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Table I. Heat-stability of vitamin B, in brewer’s yeast, determined by observations on the 
growth of young rats receiving doses of the material before and after heating, respectively, 


as sole source of vitamin B, in a diet* complete in other respects and including 
vitamin B, as Peters’s antineuritic yeast concentrate (daily dose equivalent to 0-6 g. 
original yeast). 


Exp. 
1 
Control 


Body- 
Reaction weight 
during at be- Weekly increments Average 
. heating ginning of body-weight (1st week 
PH Daily dose in terms of the during the period excluded 
Material approxi- of dry yeast test of the test in expts. 
(Yeast XVII) mate g. Litter Rat g. g. 1, 2, 4,6) Mean 
Washed, pressed, — 0-25 1366 504g 9 4T 20, 19, 14, 13, 17 16 16 
dried 0-2 1367 5162 33 11, 14,17, 11,11 13 
0-2 1378 525 2 32 16, 17,15, 6,14 3 > 14 
0-2 1385 536 3 40 14, 12, 18, 16 15-5 } 
0-1 1367 5153 = 35 7, 10,12, 6,12 10 \ 10 
0-1 1378 5249 35 9,12, 9, 9,11 10 
Steamed 2 hrs. 5-0 0-2 1385 5349 38 12,17, 9,12 13 15 
98-100° 0-2 1385 535 3 41 16, 16, 18, 16 17 
" 9-10 0-4 1374 509 2 47 3, 1, 5, 4,12 5 — 
0-4 1367 512 3 4l 1, -1 0 = 
0-2 1385 533 2 39 1, 0, —2, 2 0 
Autoclaved 5-0 0-8 1438 545 J 4T 29, 23, 15, 13 17 T 
5 hrs. at 123° 0-4 1367 5193 36 16,14, 9, 11,11 11 i 
0-4 1374 510° 46 26, 14, 13, 11,11 12 Y 
0-2 1378 5269 33 15, 18,11, 7,11 12 u 
0-2 1367 5202 35 10, 11,10, 8, 9 9:5 
” 9-10 0-4 1374 508 © 56 1,-—2, 3, 6, 0 2 
0-4 1374 §=505d 47 5, 0 2-5 — 
0-4 (+0-1 g. dry yeast) ee in (52) (3, 6, 7) (5) —_— 
0-4 1374 5072 36 1, -1 0 — 
0-4 (+0-1 g. dry yeast) Po je (36) (8, 9, 8) (8) — 
0-4 1367 5172 35 —1, -1 —l _— 
0-4(+0-1g.dry yeast) ,, = (33) (7, 4, 6) (6) 
> 3-0-3-5 0-8 1438 540 3 44 26. 29, 28, 23 27 27 
0-4 1367 5142 42 12, 18,12, 8, 9 12 ll 
0-4 1374 506g¢ 44 19:47, 7, 7,10 10 
0-2 1378 527 2 31 11, 12, 6, 4,13 9 10 
0-2 1367 5189 34 9, 13,12, 5,13 11 


* Specially purified caseinogen 20, rice starch 60, cotton seed oil 15, salt mixture (McCollum and co-workers [1917] No. 185) 5, 
water 100; cooked 3 hours in a steamer to prevent occurrence of refection [Roscoe, 1927]; cod-liver oil (0-05-0-1 g. according to 
size) administered daily to each rat to provide vitamins A and D. 





for a period of 4-5 weeks. The preliminary period with complete deprivation 
of B vitamins is inserted in order to make the rats eager to consume the doses 
when offered subsequently. 

The results of Exp. A are set out in Table I, the aim of the separate trials 
being to compare the various products with the original material, as regards 
the size of dose needed to induce resumption of growth to an equal degree. 

A rat which is limited in growth by absence from its diet for 1-2 weeks 
of vitamin B, and subsequently receives it, appears to be relatively insensitive 
to large variations in the amount administered, especially if the daily dose is 
near to that required for normal growth. As large a difference as 100 % in 
the dose given may be followed by a disproportionately small difference in 
the amount of growth. The quantitative conclusions drawn from the data in 
Tables I and II have, therefore, a wide margin of error. 

The results in Table I may be summarised as follows. Yeast at its ordinary 
reaction (pq about 5-0) suffers no determinable loss in vitamin B, content 
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after being steamed for 2 hours at 98-100°. The average weekly increase in 
weight of 2 rats receiving doses of the heated material equivalent to 0-2 g. 
dried yeast was 15 g., while that of 3 rats receiving 0-2 g. of the original 
dried yeast was 14g. After being autoclaved for 5 hours at 123° about half 
the original potency is destroyed; the average weekly increase in weight of 
rats receiving doses equivalent to 0-2 g. dried yeast of the autoclaved material 
and 0-1 g. of the original, being similar, viz. 11 g. and 10 g. respectively. 

With alkalised yeast (py 9-10), however, whether steamed (Exp. 3) or 
autoclaved (Exp. 5), the destruction of vitamin B, appeared to be complete. 
With the doses given no significant growth was obtained. It was noticed, 
however, that the animals suffered severely from diarrhoea and it is probable 
that the total lack of growth was due, not only to deficiency of vitamin B,, 
but also to the effect of toxic substances formed in the alkaline yeast during 
heating. In order to test this point 3 rats (505, 507, 517, Exp. 5), which 
for 2 weeks had shown no growth with doses of the autoclaved product 
equivalent to 0-4 g. dry yeast, received in addition 0-1 g. unheated dry yeast 
and were observed for a further period of 3 weeks. During this period the 
average weekly increase in weight was 6-4 g. as compared with 10 g. increase 
shown by animals which received the 0-1 g. dose of dry yeast alone (rats 
515 and 524, Exp. 1). This discrepancy points to the presence of some actively 
deleterious substance in the alkaline-heated yeast. Our next effort, therefore, 
was to find some substance containing less material of a protein-like nature 
from which toxic products could be formed when autoclaved. An extract 
made from yeast with boiling dilute acetic acid was found suitable for the 
purpose. 

Series B (Table II). The material used was the first extract obtained in 
the preparation of Peters’s antineuritic yeast concentrate. Washed, pressed 
yeast was added gradually to boiling water containing 0-01 % acetic acid in 
the proportion of 1 kg. (200 g. dry weight) to 2 litres solution. The mixture 
was brought again to the boil, boiled for 5 minutes and filtered. The filtrate 
was concentrated on a water-bath to a volume of 400 cc., so that 2 cc. con- 
tained the equivalent of 1g. dry yeast. The material was acidified to py 
about 3-0 for storage. Although still rich in vitamin B, the extract contained 
only one-fifth of the total solids of the original yeast. From the concentrated 
solution measured volumes were removed, the control sample remaining at 
Py 3°3 and others being adjusted by addition of strong NaOH solution to 
Py 8-3 and 9-9 respectively. 

Treatment was as follows. Steaming for 2 hours at 98-100° at py 8-3 
(Exp. 9) and autoclaving at 122-125° for 4 hours at py 8-3, 9-9 and 3-3 
respectively (Exps. 10, 11 and 12, Table II). In each case the p, before and 
after heating was determined by means of a hydrogen electrode and it was 
found that during heating the alkaline material became less alkaline (Table II, 
Column 3). After being heated the samples were adjusted to the original 
volume and those which were alkaline were acidified to py about 3-0 for 
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Table II. Heat-stalility of vitamin B, in dilute acetic acid (0-01 %) extract made from 


Exp. 
7 
Control 


10 


ll 





brewer’s yeast XII. Method of assay as in Table I. 


Body- 
weight 
at be- Weekly increments 


Daily doses expressed ginning of body-weight 


Material as equivalent of of the during the period 
(Yeast Reaction original dry yeast test of the test 
extract XII) Pa g. Litter Rat g. g. Average 
Fraction 5 3-0 0-4 14388 542d AT 18, 25, 18 20 
0-4 1443 5602 42 20, 14, 14 16 
0-2 1443 5589 41 1, 1 1 11 
0-2 1468 5669 43 12, 10, 12, 12 11-5 
Kept at room 9-9-9-5 0-4 1468 5723 39 17, 10, 14, 20 15 
temp. 10 days 0-2 1468 57392 43 &, 611,68 8 
0-2 1506 5979 44 12 4 7,7 T5 
Steamed 2 hrs. 8-3-8-0 0-8 1468 5709 41 19, 18, 14, 12 16 
at 98-100° 0-4 1468 d71¢ 44 15, 13, 14 14 
Autoclaved 8-3-7-1 0:8 1438 543 50 6, 3 4:5 
4 hrs. 122° 0-8 1442 548 40 8, 5 6-5 
Autoclaved 9-9-8-7 0-8 1468 568 JF 45 3, 9, 4, 10 6-5 
4 hrs. 124°-125° 0-8 (+0-1 g. dry yeast XVII) - ai (71) (22, 19) (20-5) 
0-8 1468 569: 41 3, -1,1 1 
0-8(+0-1g.dry yeast XVII) ,, (44) (18, 23) (20-5) 
Autoclaved 3:3-3-0 0:8 1488 544g 45 23, 26,15 21 
4 hrs, 123°-124° 0-4 1443 4557S 46 16, 11, 13 13 
0-4 1468 5679 38 12, 7,11,14 11 


storage. Owing to the limited supply of the material fewer rats were used 
than in Series A and the growth was observed for a shorter period, viz. 
2-4 weeks. 

The loss in vitamin B, content on autoclaving the acidified extract for 
4 hours was about 50 %; similar to that observed with the acidified yeast. 
Rats receiving doses of the original extract equivalent to 0-2 g. and of the 
autoclaved material equivalent to 0-4 g. yeast showed a similar average weekly 
increase in weight, viz. 11 g. and 12 g. respectively (Exps. 7 and 12). 

The loss of vitamin B, on heating in alkaline solution was much greater. 
About one-half the original potency was destroyed by steaming at 98-100° 
at py 8-3-8-0 and more than three-fourths by autoclaving for 4 hours at. 122° 
(py 8-3-7-1). Rats receiving daily doses of the autoclaved extract equivalent 
to 0-8 g. yeast showed an average increase in weight of only 5-5 g. weekly 
(Exp. 10), whereas 11 g. weekly was the average for those receiving the 
original material equivalent to 0-2 g. yeast. 

After being autoclaved for 4 hours at 124° in more alkaline solution 
(py 9-9-8-7) one test indicated complete destruction of vitamin B,, another 
over 75 % destruction (rats 568, 569, Exp. 11). When, later, these two rats 
received 0-1 g. dried yeast in addition to their dose of autoclaved extract, the 
response in growth was instant and complete, showing that the previous 
failure was not attributable to the effect of any toxic material produced in 
the alkaline yeast extract during heating (compare Exp. 11, Table II, with 
Exps. 5 and 1, Table I). 

A specimen of the alkalised extract (pq 9-9) was protected from access 
of CO, and left at room temperature for 10 days during warm weather 
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(September 6-16, 1929). At the end of the period the material was acidified 
and the vitamin B, content assayed. The solution appeared to have lost about 
one-third of its original potency, doses equivalent to 0-4 g. yeast caused a 
growth response. intermediate between those evoked by doses of the original 
material equivalent to 0-4 and 0-2 g. yeast (Exp. 8, Table II). 

The results of Exps. A and B may be summarised as follows. Vitamin B, 
is comparatively stable to prolonged heating at high temperatures if the 
reaction is acid, py 5-0-3-0, about 50% of the original content surviving 
4—5 hours’ heating at 122-124°. If alkaline, p,, 8-0-10-0, however, although less 
labile than vitamin B,, vitamin B, loses 30 % potency in 10 days at room 
temperature, 50% on steaming for 2 hours and 75-100 % on heating for 
4-5 hours at 122-125°. 


DIscussION. 


Since the discovery that “water-soluble B” contains at least two well- 
defined components, vitamins B, and B,, evidence for the existence of an 
additional constituent has been brought forward from three different labo- 
ratories [Williams and Waterman, 1927, 1928; Hunt, 1928; Reader, 1929]. 
These researches have been summarised by Peters [1929]. 

One of these factors is stated to be thermostable and two thermolabile. 
All appear to be different from one another. None has been identified with 
prevention or cure of any specific disease or pathological syndrome. Their 
existence has been postulated to explain the failure of rats to grow to maturity 
(or of adult pigeons to maintain their weight) on diets which are believed to 
contain adequate supplies of the known necessary food factors, including 
vitamins B, and B,. In some of these investigations vitamin B, has been 
supplied as strongly heated yeast or yeast products, the assumption being 
that the latter vitamin is entirely heat-stable. 

Hunt [1928] has produced evidence showing that autoclaved yeast con- 
tains a heat-stable B vitamin necessary for rat nutrition in addition to vitamin 
B, and that this factor is contained in whole wheat in addition to vitamins 
B, and B,. 

Williams and Waterman [1927] found that the B vitamins required for 
normal growth of the rat could be supplied by an antineuritic concentrate 
prepared with fuller’s earth from an aqueous yeast extract supplemented 
with autoclaved yeast. This combination could not, however, maintain weight 
in the pigeon. From the fact that this was accomplished by whole unheated 
yeast, the authors concluded that a third unknown B vitamin, unnecessary 
for growth of the rat, was required for nutrition of the pigeon and was heat- 
labile. Peters [1929] has confirmed this observation, using unheated marmite. 

A recent paper by Reader [1929] announces the discovery of a “second 
thermolabile water-soluble vitamin necessary for the nutrition of the rat.” 
The basal diet contained all the necessary food constituents except B vita- 
mins and when these were provided, as 6 °% marmité, normal development of 
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young rats took place. Growth, however, was subnormal and after a few 
weeks failed altogether, when vitamin B, was provided by Peters’s anti- 
neuritic concentrate and vitamin B, as 6 % alkaline (p, 9) marmite heated 
for 1 hour at 120°. It is assumed that the latter material contained an adequate 
supply of vitamin B, and the growth failure is attributed to destruction of a 


> 


third B vitamin, “vitamin B,,”’ which is present in the raw marmite and is 
heat-labile. In view of the demonstration in the present paper of the serious 
degree of destruction suffered by vitamin B, in yeast and yeast extracts when 
these are heated at an alkaline reaction, it cannot be accepted, in the absence 
of quantitative experiments, that adequate amounts of vitamin B, survived 
the heating to which the marmite was subjected in Reader’s experiments. 
And it seems doubtful whether the effect interpreted as due to qualitative 
deficiency of a new vitamin, “B,,” might not have been caused by an in- 
sufficiency of vitamin B,. 

Reader suggests (p. 693) that traces of “vitamin B,” are probably present 
in Peters’s antineuritic concentrate as at first obtained after extraction of the 
norite with dilute acid alcohol, and that these are removed in the further 
purification by fractionation with alcohol [Kinnersley and Peters, 1927]. In 
her experiments, vitamin B, was supplied as the more purified concentrate; 
in ours the less pure was used. We have obtained normal growth of rats to 
maturity (6-7 months) when vitamin B, was provided as autoclaved (slightly 
acid) yeast and vitamin B, as the less purified Peters’s concentrate (unpub- 
lished experiments). It might, therefore, be suggested that in these experi- 
ments the “heat-labile vitamin B,” was contained in our preparation of 
vitamin B,. The fact, however, that the same vitamin B, concentrate was 
unable to supplement our vitamin B, preparation, when the latter had been 
strongly heated in slightly alkaline solution, indicates that, notwithstanding 
Reader’s statement to the contrary [1929, p. 690], vitamin B, is a “heat- 
labile factor,” and it is unnecessary to postulate the existence of another. 

It would be more satisfactory if in the assay of vitamin B, the criterion 
could be the prevention or cure of the dermatitis (? rat-pellagra) developed in 
rats deprived of this vitamin, rather than the maintenance of growth. The 
irregularity in the time of onset of symptoms and in the degree of their 
severity would, however, make such observations untrustworthy and quanti- 
tative results impossible. Nevertheless, tests of the curative value of the 
control and heated materials would be useful to confirm our conclusion that 
it is vitamin B, rather than a third heat-labile vitamin B, which is destroyed 
when yeast or its extracts are heated at high temperature at alkaline reaction. 


SUMMARY. 

1. The anti-dermatitis (? anti-pellagra) vitamin B, contained in brewer’s 
yeast and in an extract made therefrom, was found to be much more stable 
at high temperatures in acid (py 5-0-3-0) solutions than when the reaction 
was alkaline. 
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2. A yeast extract made with boiling dilute acetic acid (0-01 °%) was found 
to be more suitable material for the study than yeast itself, owing to the 
formation of toxic substances in the latter during heating, especially when the 
reaction was alkaline. 

3. At pq 5-0 no loss in vitamin B, potency could be detected on heating 
yeast for 2 hours at 90-100°; about 50% was lost on heating the yeast for 
4-5 hours at 123°; at py 3-0 the loss was the same both with yeast and yeast 
extract. 

4. When the reaction was alkaline (py 10—9-5) about 30 % of the vitamin 
B, originally contained in the yeast extract was lost in 10 days at room tem- 
perature (summer); on heating for 2 hours at 98-100° (pg 8-3) the loss was 
about 50 % and on autoclaving for 4—5 hours at 122—125° (py 8-3-10) between 
75 % and 100%. 

5. These facts concerning the sensitiveness of vitamin B, to high tem- 
peratures in alkaline solution are of importance in connection with the recently 
reported discovery in yeast of a new thermolabile B vitamin, in addition to 
the antineuritic vitamin B,, the assumption in one at least of these researches 
being that vitamin B, is heat-stable even in alkaline solution. 


Our thanks are due to Miss A. M. Copping for her assistance in caring for 
the rats used in the experiments of Series B. 
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THE cross section of the paraffin chain has been measured in crystals by the 
X-ray method and found by Miiller [1927] to have the value 18-3 sq. A. The area 
occupied in films one molecule thick formed upon water by compounds con- 
taining long chains of carbon atoms has been measured by Adam [1922, 1928] 
and has been proved to have as its minimum value about 20-5 sq. A. He has 
described and defined conditions in which larger values than this are found 
for substances that, under other conditions, give this value, and has especially 
studied the influence exerted on the dimensions of the films by the character 
of the polar group at the end of the chain, by reason of which the formation 
of the film is made possible-and the molecules are anchored to the water 
surface. Compounds with a large variety of such polar groups have been 
investigated and the foundations have been laid on which much that is of 
interest to biochemists must rest. Most of the substances of biochemical 
importance in which long fatty chains occur are not of a simple character; 
they contain commonly more than one such chain and their polar groups 
present great variety and complexity. Some of these Adam has dealt with, 
e.g. glycerides and lecithin. But many such substances present difficulties 
which must be approached with circumspection, and only after the ground 
has been thoroughly surveyed. Moreover they are in many cases difficult to 
obtain with sufficient guarantee of purity. 

On two grounds however we felt justified in experimenting with some of 
the less familiar substances of biochemical interest even at this stage. Speci- 
mens were available that were probably as pure as any hitherto obtained; 
they were prepared by Dr Rosenheim and given by him to this department for 
work of this nature: and secondly, though their constitution has not in all 
particulars been finally settled, enough has been clearly established for them 
to present points of interest in a study of their behaviour in films on water. 

The substances dealt with in this paper resemble one another in two 
respects; they contain two long aliphatic chains similar if not identical in all 
three; these are a primary amine sphingosine and a peculiar long-chain fatty 
acid, and these two components are united as an acid amide R,.CO.NHR,. 

The constitution of the base sphingosine, C,,H;;0,N, is almost completely 
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known. Levene and Jacobs [1912] showed that the whole of the nitrogen was 
removed by nitrous acid; that since a triacetyl derivative could be obtained 
the two oxygen atoms were present as alcoholic hydroxyl groups; and that a 
doubly linked pair of carbon atoms was present in the chain, since by means 
of palladium a dihydro-derivative could be formed. Lapworth [1913] on 
oxidation of sphingosine with chromic acid obtained normal tridecylic acid. 
Levene and West [1914] by oxidation of dihydrosphingosine obtained normal 
pentadecylic acid. This leaves no doubt that the double bond is between the 
13th and 14th carbon atoms and that one hydroxyl group is attached to the 
15th; there is little doubt that the other is attached to the 16th and the 
amino-group to the terminal or 17th carbon atom, though this has not been 
proved. 

The fatty acid, lignoceric acid, C,,H,,0,, in sphingomyelin is, according to 
evidence furnished by Levene [1916], united to sphingosine as in an acid 
amide, a derivative having been obtained containing base and acid, but not 
the other components of the molecule, and this derivative gave up no nitrogen 
to nitrous acid. The same union exists apparently also in phrenosin and 
kerasin [Levene and West, 1912], as neither of them contains a free amino- 
group. In kerasin therefore the remaining component, galactose, must be 
condensed with one of the hydroxyl groups of the sphingosine, as a galactoside, 
since the compound has no reducing properties; and in phrenosin too, though 
there is here another possibility, seeing that phrenosinic acid is a hydroxy-acid, 
the probability is that the same arrangement holds. Similarly in sphingo- 
myelin one of the hydroxyl-groups of the sphingosine must be condensed with 
the cholylphosphoric acid. 

In all three compounds, therefore, the two long chains are connected to 
polar groups which are large enough to separate them much more than is the 
case with any of the compounds containing more than one long chain which 
have up to now been studied in this way, glycol esters, glycerides, lecithin or 
cetyl palmitate. Having regard to their power to form films one molecule 
thick on water they may be represented thus: 


Sphingomyelin C,,H., C.3Hy, 
(H.CHOH.CH,.NH.CO 
O 
, HO.80.0 Cholyl 
Kerasin C,H; C,H, 
bH.cHOH.CH,.NH.CO 
o 
| 
C,H,,0; 


In phrenosin the right-hand chain of this latter formula becomes C,,H 90 
according to Levene and Taylor [1928], C,,H,,.O according to Klenck [1928; 
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see also Taylor and Levene, 1929]. In all these compounds the two paraffin 
chains are at the two ends of the same chain with polar properties consisting 
of four carbon atoms and one nitrogen atom. Attached to this polar chain, 
in the case of sphingomyelin, is the additional polar group cholyl-phosphoric 
acid, in the case of kerasin and phrenosin the additional polar galactoside 
group. Whether these additional polar groups attached to the chain common 
to all three are attached as represented above or by the other alcohol group 
further to the right is not known; but for present purposes this is immaterial. 


EXPERIMENTAL. 


The apparatus used was that of Adam and Jessop [1926] and through- 
out this work the authors have had the benefit of Dr Adam’s guidance in 
the use of it. All the solvents used were specially distilled, so that there 
was no contamination of the surface of the trough due to the presence in 
them of foreign matter. The solvent used was a mixture of pyridine and 
benzene. The sphingomyelin, weighed out accurately, was first dissolved in a 
little pyridine, which was warmed gently until solution was complete; then 
after cooling, benzene was added, the volume used being roughly 2-3 times 
the volume of the pyridine. It was found that the addition of a small amount 
of pure ethyl alcohol gave a clearer and more stable solution. The solutions 
were then weighed and were used on the trough immediately after they had 
been prepared, because it was found that after standing for any considerable 
period of time, especially in cold weather, part of the sphingomyelin often 
came out of solution. This behaviour was carefully watched for throughout 
the experiments, and as soon as it was observed the solution was rejected. 

The films were studied at a number of temperatures between 0° and 35°. 
In general three or more readings were taken for each solution at each tem- 
perature. Although certain small deviations were observed between different 
solutions, these were never large and most of the curves obtained were 
practically coincidert. 

The curve for sphingomyelin, which is reproduced, represents the one 
which was most frequently obtained at room temperature and it forms a 
good average of the small experimental variations. At this temperature the 
area per molecule at the commencement of packing (?.e. the area of the head 
of the molecule) is about 60 sq. 4. As the pressure on the film is increased, 
the molecules ;.ack closer until the area occupied by each molecule is about 
42 sq. A., the area, that is, that should be given by a film in which two parallel 
paraffin chains are packed closely together. Further compression decreases 
the area per molecule to 39 sq. A. but, at the pressure necessary for this 
(42 dynes/cm., more than 150 atm.), the film shows signs of collapse. At 
room temperature the film is liquid at low and medium compressions but 
solidifies at high compressions. At 0° the film solidifies at lower pressures, but 
at 25° and above the film is liquid under all pressures. 
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At 0° the head of the molecule occupies a smaller area (50 sq. A.) but as 
the pressure is increased the curve becomes coincident with that obtained 
at room temperatures. At 25° and 35° the films of sphingomyelin become 
increasingly difficult to compress, and under the highest pressures obtainable 
without collapse of the film (about 45 dynes/cm.), the limiting area of 42 sq. A. 
is never reached. 
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The curves obtained with phrenosin and kerasin were practically identical 
and closely resemble that given by sphingomyelin. The size of the head is 
about 70 sq. A. at room temperature, and the limiting area per molecule under 
the highest compressions is about 42 sq. A. At 33° the head occupies a larger 
area (about 100 sq. A. per molecule) but as the pressure is raised, the curve 
gradually approaches that obtained at 15°. At room temperature the films 
are solid under moderate pressures, and at about 30° they are liquid under 
all compressions. 

DIscussION. 

In the measurements here recorded it is to be noted that with sufficient 
compression the area occupied by molecules of these substances in films one 
molecule thick on water can be reduced nearly to that which their two paraffin 
chains alone would occupy when vertical to the surface and packed closely. 
The complexity of the polar groups connecting the two paraffin chains makes 
this remarkable. Compounds containing a single paraffin chain have been 
shown by Adam to resist compression to the area accounted for by that chain 
in varying degrees according to the nature of the polar group holding them 
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to the water. Thus the areas of films of a-bromo-fatty acids, acetamides, ureas 
and monoglycerides are larger than those of saturated fatty acids, alcohols or 
esters. Monopalmitin and monompyristin for instance [Adam, Berry and 
Turner, 1928] at 11° and a linear compression force of 5 dynes/em. occupy 
about 25-5 sq. A.; as the compressing force is increased up to 30 dynes/cm. 
the area contracts uniformly to 23 sq. A., altogether about 10°. With our 
compounds containing two paraffin chains the area at 5 dynes/cm. is for 
sphingomyelin 54 sq. A., or 27 for each chain and for kerasin 64, or 32 for 
each chain; at 30 dynes/cm. the area for sphingomyelin is reduced to 40, 
a contraction of 27 %, for kerasin to 46, a contraction of 28 %; so that with 
this substance the area per chain at this pressure is the same as in the case 
of the monoglyceride. The compression curve is however not rectilinear with 
either sphingomyelin or kerasin. With these substances therefore the area 
at low compression is definitely larger than for the monoglyceride, but they 
are more compressible than it is. It is remarkable that this should be so; 
not so much that at low pressure the completely immersible glyceryl group 
in R.COO.CH,.CHOH.CH,OH should occupy less than half the area occupied 
by the complex polar group in these substances suspended between the two 
paraffin chains at its two ends, as that the latter should be more compressible. 
There seems to be more pliability in it than in the glyceryl ester group. The 
rigid bulkiness of this latter is not accounted for by the ester linkage; for 
with ethyl stearate the area of the molecule is reduced to that of the single 
paraffin chain at about 10 dynes/em. [Adam, 1923, 2]. 

Measurements for compounds containing more paraffin chains than one 
exist only for the ester union of fatty acids to carbon atoms directly united 
to one another as in tripalmitin, glycol dipalmitate [Adam, 1922] and hydro- 
lecithin [Leathes, 1923; Adam and Jessop, 1926, p. 368] of which the last is 
especially comparable with sphingomyelin. The unsaturated acid chains in 
lecithin make it non-comparable. At 5 dynes/em. hydrolecithin occupies a 
smaller area, 47 sq. A. or 23-5 for each fatty chain; at 20 dynes/em. it contracts, 
12 %, whereas sphingomyelin and kerasin contract 22 and 23 % respectively; 
but the area it occupies at this pressure is 41-4 sq. A., which is not more than 
is accounted for by the fatty chains. 

Other compounds containing more than one paraffin chain for which data 
have been published by Adam [1923, 1] are cetyl palmitate, which is in- 
sufficiently anchored to the water to give stable films, and pentaerythritol 
tetrapalmitate [Adam and Dyer, 1924], which at 5 dynes/cm. occupied 
22-5 sq. A. per fatty chain and at 20 dynes/cm. 20 sq. A. 

Measurements such as those here recorded are clearly insufficient to enable 
a precise conception to be formed of the disposition assumed by the polar 
groups immersed in the water. But some idea is shown of the amount of 
distortion that they undergo under compression and of the amount of force 
necessary to overcome the strains set up by this compression. The thickness 
of a condensed film of palmitic acid is 24 4., and in that case 1 dyne/cm. 
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means a pressure of about 4 atmospheres. The thickness of the layer formed 
by the polar chains in these molecules buckling under pressure must be very 
much less than this and the pressure when the force is 30 dynes/cm. accordingly 
very much more than 120 atmospheres. 

The fact that the films formed by these substances on water should be 
definitely liquid at room temperature, at any rate under the action of a 
moderate compression force, is worthy of note. 


SUMMARY. 

The surface films of sphingomyelin, phrenosin and kerasin have been 
studied. It is found that for each substance the area occupied by the molecule 
in a closely packed surface film can be compressed to about 42 sq. A. This is 
in good agreement with what would be expected from the configurations of 
the molecules as deduced from their chemical behaviour, on the supposition 
that the limiting value is the area occupied by the paraffin chains set side by 
side vertical to the water. 


We wish to thank Professor J. B. Leathes for his encouragement and 
advice during this work, which was suggested by him. 
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Since the isolation of a hexosemonophosphoric ester from the products of 
the fermentation of glucose and fructose by yeast juice the further investi- 
gation of these products has been directed towards obtaining more information 
on certain questions then briefly discussed [Robison, 1922], namely: 

(a) the proportions in which the hexosemonophosphoric and _hexose- 
diphosphoric esters are formed during fermentation with yeast juice and the 
significance of the variations observed in different experiments: 

(b) the suggested dual nature of hexosemonophosphoric ester and the 
chemical constitution of this ester, or its components, and that of hexose- 
diphosphoric ester: 

(c) the possible occurrence of other phosphoric esters among the products 
of fermentation. 

The investigation was extended to include the products of fermentation of 
glucose and of fructose by yeast juice, dried yeast and zymin. The esters, 
freed from yeast proteins and excess of sugar, were separated into fractions 
according to the solubility of their barium salts, and the nature of these 
fractions was investigated, making use of micro-analytical methods to avoid 
the rapid wastage of material. This quantitative examination included the 
estimation of total and inorganic phosphorus, specific rotation, reducing power 
by the Hagedorn and Jensen method and by an iodimetric method, and 
“fructose” by Selivanoff’s reaction. The further separation of the esters was 
carried out by fractional precipitation of the barium salts, crystallisation of 
brucine salts, and in other ways, the progress being followed at all stages by 
the aid of the above micro-estimations. 

One result of this work, the isolation and identification of trehalose- 
monophosphoric ester has already been described [Robison and Morgan, 1928]. 
This ester was obtained from the fermentation of glucose and of fructose by 
dried yeast in presence of phosphates and was found in amounts representing 
up to 5 % of the total esterified phosphorus. The dried yeast used for the 
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fermentations was shown to contain neither trehalosemonophosphoric ester 
nor trehalose in quantities sufficient to account for the amount of the ester 
found in the fermentation products, but the experimental data did not justify 
any conclusion as to the significance of this disaccharide phosphoric ester in 
the fermentation process. The ester, however, was shown to be readily fer- 
mented by dried yeast, yeast juice and zymin. 

A more general account of these experiments is given in the present paper. 


MATERIAL AND METHODS. 


Yeast preparations. 


(a) Yeast juice: prepared from English mild ale top yeast by the method 
of Buchner modified by Harden and Henley [1927]. 

(b) Dried yeast: prepared from English mild ale top yeast (in one experi- 
ment from a bottom yeast). 

(c) Zymin: prepared from English mild ale top yeast. 


Fermentation. 


Method A. Glucose or fructose (30 g.) was added to 300 cc. yeast juice, 
or to 50g. dried yeast or zymin mixed with 180 cc. water. A further 70 g. 
of the sugar was added in two or three portions during the fermentation. 
To the fermenting mixture, maintained at 28°-30°, a 20% solution (0-56 M) 
of Na,HPO,,12H,O was added in six equal portions as indicated by the 
evolution of carbon dioxide in a guide experiment. Except when otherwise 
stated, the additions were made when the rate of evolution of gas had fallen 
nearly to the minimum (hexosephosphatase rate). The total amount of phos- 
phate added was equivalent to about 7g. P. Dried yeast or zymin was 
allowed to remain in the. sugar solution for 1 hour before the first addition 
of phosphate. 

Method B (used in the later experiments). 30 g. sugar was added to the 
yeast and, after the preliminary period, a solution containing both phosphate 
(20 %) and sugar (20 %) was allowed to run in continuously at a controlled 
rate throughout the fermentation. The fermentation was carried out in a large 
bottle immersed in a water-bath and connected by two rubber tubes with 
(a) a 100 cc. burette containing the phosphate-sugar solution, (b) a nitrometer, 
capacity 1 litre, in which the carbon dioxide evolved was collected over brine. 
At intervals of 5 minutes the bottle was vigorously shaken and from the 
volume of gas evolved the rate of addition of the phosphate sugar solution 
was regulated, in accordance with the plan of the particular experiment. The 
fermentation was stopped or portions of the fermenting mixture were re- 
moved at definite intervals of time after the last addition of phosphate. 
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Precipitation of proteins. 

The precipitation of yeast proteins by heat coagulation, though employed 
in the first experiments which led to the isolation of fermentation hexose- 
monophosphate, was abandoned owing to the risk that a hexosemonophos- 
phate might thereby be formed by partial hydrolysis of the hexosediphosphate 
in the solution. The method then adopted [Robison, 1922], namely precipita- 
tion of the protein along with the barium salts by alcohol, avoided this risk, 
but the successive extraction of the barium hexosephosphates from the 
mixture of salts and coagulated protein was laborious and difficult to carry 
out in a quantitative manner. Neuberg and Leibowitz [1927] have described 
a more rapid method for the preparation of hexosemonophosphate, in which 
the proteins are precipitated by heat coagulation after the solution has been 
neutralised to phenolphthalein. The protein-free filtrate, after the addition of 
calcium or barium acetate, is once more heated to boiling in a brine-bath and 
filtered hot, by which means the phosphate and nearly all the hexosedi- 
phosphate are removed as insoluble salts. 

We have made some experiments to determine the extent to which hydro- 
lysis of hexosediphosphate might occur under such conditions. 

Exp. 1. Solutions of sodium hexosediphosphate (0-03M), adjusted to 
different hydrogen ion concentrations, were heated for different periods of 
time at different temperatures. The degree of hydrolysis was measured by 
the increase in inorganic phosphate. 

Exp. 2. 10 cc. of a saturated solution of barium hexosediphosphate, at 
Px 8-4 (“neutral to phenolphthalein”), was slowly heated to 100° in a water- 
bath and maintained at the boiling point for a further 5 minutes. The in- 
organic phosphate liberated was then determined. The results are shown in 
Table I. 





Table I. 
% P hydrolysed 

Time of heating c = ’ 

Exp. Pa min. 70° 80° 90° 100° 
1 6-9 30 0-8 2-4 6-5 16-0 

] 7-8 30 1-0 2-6 8-7 18-0 
1. 8-4 5 0-2 0-6 2:1 55 
2 8-4 15min.uptol00°) | a ei 9-7 


5min. at 100°} 


Since the phosphoric acid group in position 1 of hexosediphosphoric ester 
is much more readily hydrolysed than the remaining group, it is probable 
that in the above experiments a monophosphate would be formed in amount 
equivalent to the greater part of the inorganic phosphate set free. The use of 
high temperatures during the separation of the products must therefore result 
in some contamination of the fermentation monophosphate with the ester 
produced by partial hydrolysis of the diphosphate. For some purposes this 
might not be of serious importance, but it would be very undesirable in these 
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experiments in which one of the main objects was to separate and identify 
the components of the monophosphoric ester formed during fermentation. 

For the last six years trichloroacetic acid has been used in this laboratory 
for the precipitation of the yeast proteins and has been found satisfactory for 
this purpose. The acid is added to the fermentation mixture in amount equal 
to 4 % of the total volume; the mixture is thoroughly shaken and allowed to 
stand, preferably at 0°, for 2 hours before being filtered. The latter operation 
is much atcelerated by the addition of a few drops of capryl alcohol. The 
possibility of the hydrolysis of hexosediphosphate occurring during this stage 
owing to the acidity of the solution (pq about 4) was not overlooked, but 
repeated tests failed to indicate any increase in the amount of inorganic 
phosphate under experimental conditions. 


General separation of the barium salts. 


The acid protein-free filtrate was treated with barium acetate equal in 
weight to the crystalline sodium phosphate added during the fermentation, 
and was then neutralised to phenolphthalein with baryta. The greater part 
of the alkali was added in concentrated, hot solution in order to avoid un- 
necessary dilution, but the final adjustment to py 8-4 was made with cold 
saturated baryta solution. The precipitate was filtered off, washed with small 
quantities of water, pressed out as thoroughly as possible, washed with absolute 
alcohol and dried. 

“10% A” fraction’. The filtrate from the sparingly soluble salts was 
treated with one-tenth its volume of absolute alcohol and the precipitate 
filtered off, washed with a little 10 % alcohol, then with absolute alcohol and 
dried in a desiccator. In certain experiments no precipitate whatever was 
given at this stage. The reason for these anomalous results will be discussed 
later. 

“Soluble A”’ fraction. The filtrate from the 10 % A precipitate was treated 
with basic lead acetate, avoiding any large excess of this reagent; the pre- 
cipitate was decomposed with hydrogen sulphide, the lead sulphide being 
filtered off, washed with water and again treated with hydrogen sulphide. 
The combined filtrates and washings, after thorough aeration, were treated 
with baryta solution until pink to phenolphthalein and poured into twice the 
volume of alcohol. It is important that these precipitates should be thoroughly 
washed with absolute alcohol and dried rapidly in a vacuum desiccator. 

“10 % B” and “soluble B” fractions. The soluble A fraction was thoroughly 
ground with ten times its weight of water, to which one-tenth the volume of 
alcohol was finally added before filtration. The insoluble portion formed the 
10 % B fraction; on pouring the filtrate into twice its volume of alcohol the 
soluble B fraction was obtained. 

Other fractions. The organic phosphate in the filtrate from the 10% A 


1 These somewhat inaccurate terms used in the laboratory have been retained for convenience. 
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fraction was not entirely precipitated by basic lead acetate, the amount re- 
maining in solution representing about 1 % of the total phosphorus esterified 
during the fermentation. The greater part of this residual phosphorus was 
brought down by basic lead acetate and ammonia, but the barium salts re- 
covered from this fraction (“‘w”) were highly contaminated with phosphorus- 
free compounds and could not readily be purified. The alcoholic filtrates from 
the soluble A and B fractions also contained small amounts of phosphoric 
esters which were not recovered. 


Micro-analytical methods. 


Total and inorganic P were estimated by the modified Briggs method 
[Martland and Robison, 1926]. 

Reducing power was estimated by the Hagedorn and Jensen method, 
omitting the zinc hydroxide precipitation. Inconsistent results were at first 
obtained by this method when applied to the hexosephosphates. The reducing 
power, calculated as per cent. glucose, varied with the amount of substance 
used for the estimation and was markedly increased by traces of alkali. It 
was found that these differences could be nearly eliminated by adding 0-5 cc. 
of a 0-5N solution of sodium hydroxide to the solution before heating for 
15 minutes in the water-bath. The reducing power, calculated from the 
glucose table, was increased by as much as 30 % and was nearly independent 
of the amount of substance taken. This modification was adopted in all 
subsequent estimations, the same amount of alkali being added to the blank. 
The value of the blank titration is not, however, altered by this addition nor 
is the reducing power of glucose itself increased. 

Aldose was estimated by the iodimetric method [Macleod and Robison, 
1929]. Caution was necessary in interpreting the values so obtained for the 
crude fractions, owing to the possibility that some of the contaminating sub- 
stances derived from the yeast and precipitated with the phosphoric esters 
might react with iodine. It is probable, however, that errors due to this 
cause were usually small except in the case of the very impure w fractions. 

Selivanoff’s reaction. A roughly quantitative method was employed for 
theestimation of the fructose equivalent by the Selivanoff reaction. A suitable 
quantity of the solution diluted to 5 cc. was mixed with 5cc. of a 0-05 % 
solution of resorcinol in 5N HCl. A standard solution containing 0-2 mg. 
fructose was similarly treated. Both tubes were heated for 6 minutes in a 
boiling water-bath and, after cooling, the intensities of the colours were com- 
pared in a colorimeter. The results, though not very consistent, were useful 
in supplementing the aldose determinations, more especially on the purified 
fractions. 

The values obtained for highly purified specimens of the four phosphoric 
esters by the above methods together with the specific rotations are shown 
in Table II. 











































Experiment 


o 
Yeast juice-fructose 


6 
Yeast juice-fructose 


‘ 
Zymin-fructose 


13 
15 


20 b 
Dried yeast-fructose 


Dried yeast-fructose 


Dried yeast-fructose 


R. ROBISON 


Barium hexosediphosphate 
aldosemonophosphate? 
.»  fructosemonophosphate 


~ trehalosemonophosphate 





Table IT. 


Reducing power as 


P 

o/ 

/O 
10-16 
7°85 
7-85 

(Neuberg) 

5-57 
COMPOSITION 


Fraction 
Sp. soluble 
10 % A 
oB 
Soluble B 
Sp. soluble 
10% A 
10% B 
Soluble B 
Sp. soluble 
10% A 
10% B 
Soluble B 
Sp. soluble 
10% A 
10% B 
Soluble B 
Sp. soluble 
10% A 
10% B 
Soluble B 


Sp. soluble 
10% A 
10% B 
Soluble B 


P in fraction Hexose- 
as % of total diphos- 
P recovered phate 
38-6 73 
15:8 31 
79 15 
37-3 6 
18-6 89 
18-3 43 
16-6 28 
14-8 2 
80- 90 
7:3 77 
3-4 50 
75 10 
85-3 72 
No precipitate 
6-0 35 
8-4 10 
85-1 91 
1-3 81 
2-9 20 
7-0 6 
52:3 83 
11:3 93 
21-4 78 
14:3 14 
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glucose 
H. and J. Iodine 

o/ o/ 

/O0 4/0 
12 2 
36 41 
36 2 

0 0 


Table ITT. 


Percentage composition of fraction (barium salts) 
AN 


OF THE FRACTIONS. 





~ “Fructose” 
Selivanoff 
i 


[a}s461 
+ 3°5° 
+ 19-5° 
+ OF 


+ 132° 


Using these values and assuming the four esters to be the only compounds 
present having reducing properties or optical activity, the probable com- 
position of the various fractions was deduced arithmetically. This assumption 
was not necessarily correct, but such an analysis might furnish evidence of 
the presence of other phosphoric esters. The application of this method in 
the early stages of the investigation, when only three esters were known, led 
to the isolation of the fourth, trehalosemonophosphate. 





Fructose- 


phate 
0 
22 


‘ 
16 
1 
11 
6 
30 
0 
0 


‘ 
12 
0 


4 
11 
0 
0 
3 
8 
0 
0 
0 


Aldose- Trehalose- 
monophos- monophos- monophos- 
phate phate 
20 0 
28 2 
40 0 
68 15 
3 0 
28 0 
39 15 
58 2-5 
0 0 
10 0 
12 0 
50 14 
0 0 
23 3 
50 17 
0 0 
4 2 
6 20 
19 54 
0 0 
0 0 
10 0 
37 28 


8 


Inorganic 
phosphate 
2 
5 
20 
15 
3 
4 
1 


9-5 


0 


? Results obtained with the most highly purified specimen of the aldose component of hexose- 
monophosphoric ester. This component is probably glucosemonophosphate (theoretical iodi- 
metric value 45-6). Evidence of the identity of the second component with Neuberg’s fructose- 
monophosphate has been obtained [Robison and King, 1929, and further unpublished work]. 


ae 


P-free 
impurities 
5 
12 
18 
7 
4 
14 
145 
65 


cal _ 
om POD 


hm CO 
wm doe 
or 


For most fractions the values of reducing power, etc., calculated from the 
percentage composition so found, were in good agreement with those obtained 
experimentally, except that the Selivanoff and the iodimetric figures were in 
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some cases mutually inconsistent. Both these values may have been affected 
by the impurities in the crude fractions and the figures showing the partition 
of the hexosemonophosphoric ester into aldose and fructose components are 
therefore of limited significance. This criticism does not apply in the case of 
the more highly purified fractions obtained in later stages of the separation. 
The percentage compositions deduced for the four chief fractions of experi- 
ments with yeast juice, dried yeast and zymin are shown in Table III. 

‘ The fact that the reducing power and other properties of these fractions 
could be quantitatively accounted for in this way does not prove that no 
other phosphoric esters were present, since mixtures containing one or more 
unknown esters might give equally satisfactory values. The evidence on this 
point will be considered in greater detail, taking each of the main fractions 
in turn. 


Sparingly soluble fraction. 


In the experiments with dried yeast and zymin, in which the three mono- 
phosphoric esters together represent less than 20% of the organic phos- 
phorus, the sparingly soluble fraction consisted almost wholly of hexosedi- 
phosphate together with most of the inorganic phosphate. A small amount 
of nucleic acid was present but was not separately estimated. The proportion 
of P-free impurities was usually small. In the yeast juice experiments, when 
the monophosphoric esters formed a much larger proportion of the total 
products, a certain amount of these soluble barium hexosemonophosphates 
was always carried down with the hexosediphosphate and in one experiment 
formed over 20 °% of the fraction. This was confirmed by the separation of the 
hexosemonophusphate in nearly pure condition. 

It was noticed that when the crude fraction contained much inorganic 
phosphate the whole of the diphosphate could not be extracted with 200 parts 
of water nor even by grinding the residue with further quantities of water. 
The amount of ester in the residue was roughly proportional to the inorganic 
phosphate and this suggested that an insoluble double salt had been precipi- 
tated. Further evidence in the same direction was found in the absence of 
any 10 % A precipitate in such experiments, indicating that the filtrate from 
the sparingly soluble fraction was unsaturated with respect to barium hexose- 
diphosphate (see also experiments shown in Table IV). 


10 % A and 10 % B fractions. 


In dried yeast and zymin experiments the 10 % A precipitate also con- 
sisted very largely of hexosediphosphate, but the 10 % B fraction contained 
up to 30 % of the two hexosemonophosphates. In yeast juice experiments 
the percentage of hexosemonophosphate was high in both 10 % fractions, 
often exceeding that of the diphosphate. The occurrence of so large a pro- 
portion of the very soluble barium hexosemonophosphates in these fractions 
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did not seem altogether reasonable and an alternative solution was considered, 
namely the presence of an ester having a sparingly soluble barium salt and 
intermediate reducing power. 

The precipitates were ground with 10 parts of water and the filtered extract 
was treated with (a) one-tenth its volume of alcohol and, after filtration, (b) twice 
its volume of alcohol. The residue was again ground with water and brought 
into solution with the minimum amount of hydrochloric acid. The py of this 
solution was readjusted to 8-4 by the addition of baryta, and the precipitate 
filtered off. The filtrate was treated with alcohol as described above. These 
operations were repeated on the several fractions, the progress of the separa- 
tion being followed by analyses. Certain of the fractions were then converted 
into brucine salts which were separated by fractional crystallisation from 
dilute alcohol and finally reconverted to the barium salts which were analysed. 
In this way the 10 % A and B precipitates were separated into hexosediphos- 
phate and hexosemonophosphates of sufficient purity for identification, 
together with fractions of less certain nature. Provided that the latter were 
included in the computation, the amounts of mono- and diphosphate thus 
recovered agreed moderately well with those calculated from the analyses of 
the crude precipitates. The reducing power and other properties of these 
indefinite fractions were, however, not easy to reconcile with those of any 
probable mixture of the known phosphoric esters and suggested rather that 
they contained a new ester, possibly a disaccharide diphosphate having one 
free aldose group. In spite of much work on these fractions the evidence is 
still very conflicting, and no conclusion can yet be reached. Experience has 
shown that great caution is necessary before inferring the homogeneity of 
brucine salts of these phosphoric esters from their definite crystalline form. 

Whatever may be the nature of these fractions, it is certain that the 
hexosemonophosphates are carried down along with inorganic phosphate and 
hexosediphosphate and may form a considerable percentage of the crude 
10 % precipitates. Since pure barium hexosemonophosphate is not precipi- 
tated from its 10 % aqueous solution by the addition of one-tenth the volume 
of alcohol, its occurrence in the sparingly soluble and 10% A and B preci- 
pitates is probably due to the formation of less soluble double salts with 
inorganic phosphate and hexosediphosphate. The following experiments 
support this view. Solutions of barium hexosediphosphate (saturated) and 
of barium hexosemonophosphate (2-5 %) were mixed with various quantities 
of dilute phosphoric acid (3-4 %) and were then made pink to phenolphthalein 
by the addition of baryta, the requisite amount of water being added before 
neutralisation to make the final volume of all the solutions equal. After 
filtration the amounts of total and organic phosphate remaining in solution 
were estimated and from these the amounts in the precipitate were calculated. 
In some experiments barium acetate (5 %) was added to the hexosephosphate 
solutions, in order to approach more closely to the conditions under which 
the 10 % A precipitate was formed. The results are shown in Table IV. 
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Table IV. Precipitation of hexosephosphates from aqueous solution 


with inorganic phosphate. 








P in solution before P in precipitate after 
neutralisation neutralisation 
Barium mg. per 100 ce. A 

acetate — ———_——, mg. per 100cc. Organic 

Phosphoric ester % Organic Inorganic Organic Tnorganic 
Hexosediphosphate 0 60 12 22-7 1-90 
* % 24 30-6 1-28 
9 ~ 36 35-9 1-00 
9 9 48 38-7 0-81 
9 as 60 42-1 0-70 
Hexosediphosphate 5 18-8 12 8-0 0-67 
o 9 24 13-0 0-54 
% 9 36 15-5 0-43 
” ” 48 15-8 0-33 
” a 60 16-1 0-27 
Hexosemonophosphate 5 167 9-5 6-0 0-63 
9 = 28-5 14-0 0-49 
9 % 47-5 19-0 0-40 


It is seen that although no alcohol was added to these solutions, very 
considerable proportions of the hexosephosphates were carried down with 
the barium phosphate, probably as double salts. The analogous double salt of 
hexosemonophosphate-hexosediphosphate is probably more soluble in water 
and is only precipitated in presence of high concentrations of the monophos- 
phate or on addition of alcohol as in the 10 % precipitates. 


Soluble B fractions. 


The investigation of the soluble fractions from dried yeast and zymin 
experiments and the isolation of trehalosemonophosphate have already been 
described. The examination of the fractions from yeast juice experiments will 
be dealt with more particularly in a further communication, but certain points 
of interest may be mentioned. In order to satisfy the analytical values it 
was necessary to postulate the presence of small amounts of trehalosemono- 
phosphate in these fractions, although this ester has not yet been isolated 
from yeast juice preparations, nor has any purified fraction been obtained 
with properties definitely indicative of its presence. On the other hand, certain 
fractions have shown the same general intermediate characters as those men- 
tioned above, which were isolated from the 10 % precipitates. Whether these 
contain a hitherto unknown ester or represent merely residual mixed salts of 
hexosediphosphate, hexosemonophosphates and trehalosemonophosphate, as 
would be required by the analytical figures, remains to be proved. It is not 
improbable that the trehalose ester is formed during fermentations with yeast 
juice but that its presence is obscured and its isolation rendered difficult by 
the large proportion of the monophosphates. Similar but less extreme cases 
are shown by the zymin fermentations. The high rotation of the soluble B 
fractions ([@];4¢, = + 28°, + 30°) pointed to the presence of trehalosephos- 
phoric ester to the extent of 14 and 16% respectively. Isolation of the 
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ester in pure condition proved very difficult and was only achieved in the 
case of one preparation. It is hoped that the isolation may be facilitated by 
means of the sparingly soluble crystalline barium salt described later in the 
paper. 

The soluble B fractions of the dried yeast and zymin experiments con- 
tained by calculation an unexpectedly large proportion of barium hexose- 
diphosphate, an average of 10 %. Unless the solubility of this salt is greatly 
increased in presence of the monophosphates, this may be a further indication 
of the occurrence of an unknown ester not included in the calculations. 


w fractions. 

These very small fractions were so highly contaminated with phosphorus- 
free substances that no certain inference could be drawn with regard to the 
phosphoric esters except that the presence of trehalosephosphate was shown 
by the specific rotation whenever this ester formed a significant part of the 


fermentation products. 
Table V. 


Percentage distribution of esterified phosphorus 











ee is 
Probable partition of 
Duration of hexosemonophosphate 
Method fermentation Phos- ~ —A~A—__—_,, 
of (minutes) phorus Hexose- Hexose- Fructose- Aldose- — Trehalose- 
fermen- ———*-—— esterified diphos- monophos- monophos- monophos- monophos- 
Exp. tation Sugar 4 ts % phate phate phate phate phate 
Yeast juice: 
l A Glucose 155 40 97-3 67-0 32-5 2-5 30-0 05 
2 Fructose 155 10 97-7 17-5 52-2 13-0 39-2 0:3 
3 160 45 97-6 41-5 58-0 17-0 41-0 05 
4 Glucose 155 40 99-0 61-2 38-1 13-6 24-5 +7 
5 Fructose 140 25 99-5 39-3 61-0 12-0 49-0 0-7 
6 145 25 98-8 35-0 64-0 19-0 45-0 10 
Zymin: 
7 A Fructose 225 35 95-2 86-5 11-0 2-0 9-0 25 
8 ro Glucose 230 35 96-1 88-0 9-0 15 75 30 
Dried yeast a: 
9 A Fructose 270 40 96-6 90-0 5+ 0-0 5-0 50 
10 ” 9 270 40 97:3 84-5 10-0 1-5 8-5 55 
11 - Glucose 270 40 99-4 85-5 8-5 2-0 65 60 
Dried yeast e: 
12 A Fructose 270 40 94-4 92-0 3-0 0-0 3-0 50 
Dried yeast b: 
13 A Fructose 70 20 82:3 83-0 14-5 25 12-0 25 
14 * 140 25 95-4 805 125 15 11-0 7-0 
15 a mA 260 75 99-4 89-0 4-5 1-0 35 65 
: Dried yeast c: 
16 A Fructose 65 10 61-6 785 20-0 3-0 17-0 15 
17 = ae 90 10 76-9 90-5 5-0 0-5 45 45 
18 - = 225 45 96-1 89-5 35 05 3-0 70 
194 B Fructose 110 5 89-0 82-5 9-0 5 75 85 
19b = us 110 305 96-0 80-0 8-0 15 6-5 12-0 
20a Ae ie 80 5 80-0 79-0 155 3-0 12-5 55 
20b a . 80 35 94-0 81-0 13-5 2-0 115 5d 
Dried yeast d: 
2la B Fructose 80 5 89-0 66-6 30-4 8-5 21:9 30 
216 "= . 80 19hrs. 98-0 84-6 154 3-9 115 0-0 


t, is the time interval between the first and last additions of phosphate. 

t, is the time interval between the last addition of phosphate and the addition of trichloroacetic acid. 

In the experiments with dried yeast and zymin, but not with yeast juice, there was a preliminary period of 1 to 14 hrs. before 
the first addition of phosphate. 
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DISTRIBUTION OF PHOSPHORIC ESTERS IN THE PRODUCTS OF FERMENTATION. 


From the foregoing discussion it is clear that the quantitative estimation 
of the phosphoric esters in fermentation products, by division into fractions 
according to the solubility of the barium salts, is likely to give erroneous 
results unless the composition of the fraction is further investigated by 
analysis. The proportion of the soluble hexosemonophosphates precipitated 
with the sparingly soluble hexosediphosphate and the amount of the latter 
remaining in the filtrate will vary according to the relative proportions of 
these esters and of inorganic phosphate in the fermentation products. Even 
the analytical methods described in this paper do not furnish entirely de- 
pendable results. Table V shows the distribution of the total esterified phos- 
phorus based on the estimated composition of the fractions. The main division 
into hexosediphosphate, hexosemonophosphate and trehalosemonophosphate 
may be accepted as approximately correct, since other esters, if present, 
cannot form more than a very small fraction of the whole. The partition of 
the hexosemonophosphate into its aldose and fructose components is given 
with reserve as these figures are based, not on the theoretical iodimetric value 
for an aldosemonophosphate (45-6 %), but on the value (41 °) experimentally 
found for the purest specimen of this component yet obtained. Although there 
are grounds for believing this to be pure glucosemonophosphate, the disparity 
in the iodine reduction values is difficult to explain. In addition, both the 
Selivanoff and iodine values are liable to be affected by the impurities present 
in the crude fraction. 

In Exps. 1 to 12 (method A, p. 120) each addition of sodium phosphate 
was made after the rate of evolution of carbon dioxide had fallen to the 
minimum and the fermentation was stopped at a similar interval after the 
last addition. 

In the fermentations with yeast juice (1-6) the proportion of hexose- 
monophosphate was high and reached 64 % of the total esterified phosphorus 
in one experiment. Still higher percentages of hexosemonophosphate have 
been recorded by Neuberg and Leibowitz [1927] and by Harden and Henley 
[1929]. The presence of a very small proportion (1 % or less) of trehalose- 
monophosphate was deduced by calculation but this ester was not isolated 
from the products. 

For the dried yeast fermentations five different preparations were used, 
a, b, ec, d, bemg made from an English brewer’s top yeast, while e was a 
bottom yeast. In Exps. 9-12 hexosediphosphate represented over 84 % of 
the organic phosphorus, while some 5 or 6 % was present as trehalosemono- 
phosphate, this ester being isolated by the methods previously described. 

The products of the zymin fermentations were similar to those obtained 
with dried yeast, but the proportion of trehalosephosphate was smaller. The 
ester was isolated from the products of Exp. 8. 

Exps. 13, 14 and 15 (dried yeast b) were made in order to study the effect 
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of varying the intervals between phosphate additions on the distribution of 
phosphoric esters in the fermentation products. The specific rotation of the 
three soluble B fractions, [@]54., = + 32°, + 58°, + 75°, clearly indicated the 
very different proportions of trehalosemonophosphate to hexosemonophos- 
phate. The percentage of the latter ester was highest (Exp. 13) when the 
fermentation was carried out rapidly and the concentration of inorganic 
phosphate was maintained at a high level. With longer intervals between 
phosphate additions (Exp. 14) the proportion of hexosemonophosphate de- 
creased while that of trehalosemonophosphate increased. With still longer 
intervals (Exp. 15) hexosediphosphate increased, chiefly at the expense of 
hexosemonophosphate. In Exps. 16, 17 and 18 (dried yeast c) the variations 
were of the same general nature, having regard to the fact that a different 
yeast preparation was used and that the time intervals between phosphate 
additions were shorter than in the corresponding experiments of the previous 
series. In Exp. 16 the total period of fermentation was only 1} hours and 
no more than 61-6 °% of the phosphorus was esterified, of which 20 % was in 
the form of hexosemonophosphate and only 1-5 % in the form of trehalose- 
monophosphate. Exps. 19, 20 and 21 were made by method B (p. 120). The 
phosphate-sugar solution was added continuously so that a high rate of evolu- 
tion of carbon dioxide was maintained. In each experiment one half of the 
fermenting mixture was removed and treated with trichloroacetic acid 
5 minutes after the phosphate addition was completed; the remaining half 
was allowed to ferment for further periods of 5, $ and 19 hours respectively, 
further additions of sugar being made in Exps. 19 and 21. The results in each 
case show a decrease in the amount of hexosemonophosphate during the 
second period, but this is not so marked as in Exp. 15. In Exp. 19 b, 5 hours 
after the last phosphate addition, the production of trehalosemonophosphate 
reached the maximum value hitherto observed (12 %). In Exp. 21 6, and in 
other experiments not recorded, trehalosemonophosphate entirely disappeared 
during 19 hours’ fermentation. The divergent results that may be obtained 
when otherwise similar experiments are carried out with different preparations 
of dried yeast are illustrated by Exps. 20 a and 21 a. This difficulty is intensified 
when the products of fermentation by yeast juice are investigated. 

So far as this limited number of experiments can justify any general con- 
clusion, it may be said that the production of hexosemonophosphate is 
maximum when inorganic phosphate is present in considerable excess and a 
high rate of fermentation is maintained; this hexosemonophosphate tends to 
decrease as trehalosemonophosphate accumulates when fermentation is con- 
tinued with a low concentration of inorganic phosphate, but during very 
prolonged fermentation trehalosephosphate disappears while hexosediphos- 
phate increases. 

No significant differences have been observed between the results obtained 
with glucose and with fructose. 

Similar conclusions with regard to the production of hexosemonophosphate 
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have been stated by Neuberg and Leibowitz [1927], who used juice prepared 
from a bottom yeast. The recent work of Boyland [1929] on the sequence of 
the formation of phosphoric esters by dried yeast led him to conclude that 
trehalosemonophosphate is formed late in the reaction with phosphate. 

Experiments shortly to be published (Harden and Robison) indicate that 
when the hexosemonophosphates are fermented by zymin a high rate of 
fermentation, comparable with the phosphate rate in the fermentation of 
fructose, may be produced. This, however, only occurs in the presence of in- 
organic phosphate and the phenomenon exactly resembles that which takes 
place when sugar is fermented in presence of phosphate. If excess of mono- 
phosphate be added, the rate eventually falls and a second addition of 
monophosphate does not cause any further increase. 


PREPARATION OF THE PHOSPHORIC ESTERS. 


For the preparation of the individual phosphoric esters it is important to 
choose a type of yeast and experimental conditions which will give a maximum 
yield of the desired ester. For the preparation of the hexosemonophosphates 
rapid fermentation with an active yeast juice would be chosen. The mono- 
phosphates can be isolated and purified by conversion of the soluble B frac- 
tions into brucine salts and recrystallisation from dilute alcohol and other 
solvents. For the preparation of hexosediphosphate and trehalosemonophos- 
phate a moderately prolonged fermentation with dried yeast may be expected 
to give the best results. The diphosphate can be readily obtained in pure 
condition by extracting the sparingly soluble fractions with 200 parts of 
water at py, 8-6. The clear filtrate, which should be free from inorganic 
phosphate, is treated with alcohol until a slight cloud forms and is then heated 
in 200 ce. portions to 70° in a water-bath and filtered hot. The diphosphate 
remaining in solution can be recovered in a somewhat less pure condition by 
adding more alcohol and again heating to 70°. Purification by means of the 
lead salt is of little advantage and often leads to hydrolysis during the de- 
composition by sulphuretted hydrogen. The inorganic phosphate always 
present in the 10 % B fraction must have arisen in this way. Barium hexose- 
diphosphate should be dried at low temperatures. Hydrolysis to the extent 
of 20 % has been observed after heating in vacuo over phosphorus pentoxide 
at 100° for 6 hours. 


A CRYSTALLINE FORM OF BARIUM TREHALOSEMONOPHOSPHATE. 


Trehalosemonophosphate may be isolated from the soluble B fraction by 
means of its crystalline, sparingly soluble brucine salt. The final purification 
is much simplified by the aid of the crystalline barium salt which has been 
obtained during the last few months. The amorphous salt is very soluble in 
water, but if the solution is treated with alcohol (15-20%) until the first 
signs of precipitation are observed and then left at room temperature, trans- 
parent needles separate out in the course of a few hours and continue to 
9—2 
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increase in quantity during some days. The concentration of alcohol may be 
gradually increased, but with 20% alcohol almost the whole of the ester 
ultimately separates in crystalline form. The crystals are very sparingly 
soluble in cold water, but if brought into solution with the aid of heat or of 
dilute acid they can be reconverted into the amorphous soluble form by rapid 
precipitation with alcohol. They appear to contain water of crystallisation 
(5 mols), but otherwise to have the same composition as the amorphous salt. 
It is suggested that this crystalline form may consist of two or more molecules 
joined together through the barium atoms, that is of a double salt similar in 
type to those discussed earlier in this paper. 


SUMMARY. 


1. Methods are described for the separation and investigation of the 
phosphoric esters produced during fermentation of sugars by yeast pre- 
parations. 

2. Sources of error in the conclusions drawn from results obtained with 
the aid of these and other methods are discussed. 

3. The distribution of total esterified phosphorus between the four known 
esters, estimated by the application of these methods, is given for a number 
of fermentation experiments with yeast juice, zymin and dried yeast. 

4. Some indication has been obtained of the presence of a fifth ester, but 
this can at most form only a very small proportion of the fermentation 
products. The evidence is not yet decisive. 

5. The effect of varying the rate of addition of phosphate on the relative 
proportions of the different esters has been studied. Hexosemonophosphate 
was obtained in maximum yield when the fermentation was rapid and inor- 
ganic phosphate was in considerable excess. Trehalosemonophosphate, on the 
other hand, increased in amount when the fermentation was continued for 
some time after the addition of phosphate, but again decreased if the fermen- 
tation was prolonged. 

6. A sparingly soluble crystalline form of barium trehalosemonophosphate 
is described. 
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XVIII. THE COLOUR REACTIONS AND 
ABSORPTION SPECTRA OF STEROLS 
IN RELATION TO STRUCTURE. 


By ISIDOR MORRIS HEILBRON anp FRANK STUART SPRING. 
From the Department of Organic Chemistry, Liverpool University. 


(Received November 9th, 1929.) 


THE production of an immediate carmine red colour with an aqueous solution 
of trichloroacetic acid has been shown, in all probability, to be dependent 
upon the presence of a A!*!* (or A‘) ethenoid linkage in the sterol ring 
system [Rosenheim, 1929]. In accordance with this cholesterilene [Bose and 
Doran, 1929], %-cholestene, allocholesterol [Windaus, 1927] and ergosterol 
[Heilbron and Sexton, 1929] all give the reaction, the latter being further 
characterised by the fact that the red coloration passes rapidly to blue. 

Another reaction which has been stated to be specific for the detection of 
ergosterol or its derivatives (dehydroergosterol and isoergosteryl acetate) is 
the green coloration produced by the Tortelli-Jaffé reaction [Haussler and 
Brauchli, 1929]. Employing this method the colour only develops slowly 
(about i0 minutes) and is only just discernible with 0-5 mg. ergosterol. The 
authors point out, however, that they have purposely not altered the stan- 
dardised method of carrying out the reaction. We find that by employing 
the following modification the reaction can be rendered both instantaneous 
and more sensitive. A crystal of ergosterol is dissolved in glacial acetic acid 
(5 cc.) and lee. of a 2% solution of bromine in chloroform is introduced 
down the side of the tube by means of a pipette; a green ring appears at the 
surface of contact of the two solutions. Using these conditions, 0-02 mg. 
ergosterol can be immediately detected. The reaction is of peculiar importance, 
however, as the appearance of colour occurs, as shown in Table I, in hydro- 
genated derivatives of ergosterol which do not respond to either the Rosenheim 
or SbCl, reagent. 

Whereas the compounds responding to the Rosenheim reaction are charac- 
terised by the presence of the A1‘!% (or A1**) double bond, it is evident that 
the appearance of colour in the bromine reaction is dependent upon some 
other ethenoid linkage. An insight into the position of this ethenoid linkage 
is gained in the first place from the non-reactivity of cholesterilene towards 
this reagent, and secondly from the positive reaction given by ergosterol. 
According to Bose and Doran [1929] cholesterilene may be represented as 
shown in formula I, whilst ergosterol is formulated as II [Heilbron and Sexton, 
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1929]. It follows from this that the bromine reaction is dependent upon the 
presence of the inert A?®: 1° (or A!‘ 1") ethenoid linkage not present in cholesteri- 
lene. Thus both a- and f-dihydroergosterol to which the formulae III and IV 
have been respectively ascribed [Heilbron, Johnstone and Spring, 1929] fail 
to give the Rosenheim reaction, but react positively towards bromine. Again 
both a- and f-isoergosterol (formula V) [Heilbron and Spring, 1929] show, 
as anticipated, both the Rosenheim and the bromine reaction. The same 
applies to dehydroergosterol (C,,H,,0, F 4); the presence of the “inert” linkage 
in this compound is demonstrated by the fact that hydrogenation leads to 
a-ergostenol [Windaus and Linsert, 1928]. 
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Red-brown 
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Positive 
Negative 
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Table I. 
Rosenheim 
reagent 
(trichloroacetic 
Compound acid) SbCl, Bromine Absorption spectra 
Ergosterol Pink — blue Red Positive Bands at 260, 270, 281, 


293-5 pp 
No selective absorption 


B-Dihydroergosterol Negative Negative Positive No selective absorption 
a-isoErgosterol Pink Yellow Positive Band at 247 wy 
B-isoErgosterol Pink Yellow Positive Band at 247 up 
Dihydroisoergosterol Pink Yellow Positive Band at 247 yp 
Dehydroergosterol Pink — green Blue Positive sand at 313, 326, 344 yp 


No selective absorption 
No selective absorption 


allo-a-Ergostanol Negative Negative Negative No selective absorption 
Cholesterol Negative Negative Negative No selective absorption 
Cholesterilene Carmine-red Carmine Negative Bands at 294, 304, 321 up 
Cholestene Negative Negative Negative No selective absorption 
#%-Cholestene Carmine-red Brown-red Negative No selective absorption 
alloCholesterol Yellow-orange Brown-red Negative No selective absorption 


No selective absorption 
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The most important evidence regarding the specificity of the bromine 
reaction in relation to the “inert”’ ethenoid linkage is obtained from a com- 
parison of a-ergostenol (tetrahydroergosterol) to which we ascribe the structure 
shown in formula VI, with its position isomer B-ergostenol [Reindel, Walter 
and Rauch, 1927]. Whereas the former compound fails to give, as anticipated, 
either the Rosenheim or the parallel antimony trichloride reaction, it readily 
shows the bromine coloration. On the other hand f-ergostenol gives no colour 
with any of the reagents. That the A!°*!® double bond is absent from this 
compound is evident from the fact that it is readily hydrogenated to the fully 
saturated allo-a-ergostanol (hexahydroergosterol) which also fails to give 
colour reactions. 

As shown in Table I no cholesterol derivative gives a positive reaction 
with bromine, a fact again explicable by the ease of complete hydrogenation 
of all such compounds and consequent absence of any “inert” linkage. 

Selective absorption. Heilbron, Morton and Sexton [1928] have suggested 
that the power of selectively absorbing in the ultra-violet is only shown by 
sterol derivatives containing at least two double bonds in the molecule. It 
now appears that this statement can be further qualified as, of the sterol 
derivatives so far examined, only those show selective absorption which 
contain not only two double bonds but give positive colour reactions with 
trichloroacetic acid or antimony trichloride, i.e. which contain the A‘‘'* 
(or A***) ethenoid linkage. Thus ergosterol, a- and f-isoergosterol, dihydro- 
isoergosterol [Heilbron and Spring, 1929], dehydroergosterol and cholesterilene 
all give coloured solutions in presence of the Rosenheim reagent or SbCl, 
and all show well-defined bands in the ultra-violet. On the other hand 
although both a- and f-dihydroergosterol contain two double bonds in the 
molecule, the potent A!‘!* linkage is absent and only general absorption is 
shown. 

SuMMARY. 


1. The Tortelli-Jaffé reaction has been modified so as to render’it more 
sensitive. The reagent appears to be specific for sterol derivatives containing 
an “inert” (as applied to hydrogenation) linkage, possibly in position A’®*®. 

2, Selective absorption of sterols is conditioned by the presence of two 
ethenoid linkages in the molecule, one of which must apparently be in the 
A115 (or Al*?) position. 
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XIX. ABSORPTION SPECTRA IN RELATION 
TO VITAMIN A. 


By RICHARD ALAN MORTON, ISIDOR MORRIS HEILBRON 
AND FRANK STUART SPRING. 


From the Department of Organic Chemistry, Liverpool University. 
(Received November 9th, 1929.) 


THE object of this paper is primarily to remove the confusion which appears 
to have arisen in a recent note on the absorption spectrum of vitamin A by 
Rosenheim and Webster [1929]. 

Takahashi e¢ al. [1925], in work on “biosterin,” recorded the fact that 
concentrates from the non-saponifiable fraction of liver oils exhibit selective 
absorption near 320. which was ascribed to vitamin A. Adverse criticism 
having made it clear that “biosterin” was very far from being pure vitamin A, 
it became uncertain whether the absorption band was due to the vitamin 
itself or to some other substance present in the concentrate. 

Morton and Heilbron [1928] undertook to test the assumption that 
vitamin A exhibits selective absorption in the near ultra-violet, since the 
substance appears to undergo photochemical decomposition in sunlight. It 
was found that cod-liver oils, rich in the vitamin, exhibited a broad band in 
the region 300-350 up (max. near 328u,), and that the material responsible 
for the band was concentrated in the non-saponifiable fraction. It was shown 
further that in all cases the intensity of the band was proportional to the 
intensity of the blue colour obtained with antimony trichloride. When the 
oils were irradiated by means of any light source emitting rays near 320up, 
and when the oils were treated with oxygen, the absorption band near 328 yp 
and the capacity to give a blue colour disappeared at exactly the same rate. 
In all, the results for spectroscopic examinations both of blue colours and 
ultra-violet absorption for some 40 samples of fish oils, liver oils, concentrates 
and animal oils were observed without disclosing any departure from the 
strict parallelism between ultra-violet absorption, blue colour test, and, so far 
as was possible, growth-promoting action. 

Drummond and Morton [1929] endeavoured to test the parallelism still 
more stringently. Six samples of cod-liver oil were examined, (a) fresh, 
(5) after storage for one year in darkness, (c) after storage for one year exposed 
to diffuse daylight. Throughout, the parallelism between the colorimetric and 
spectrographic tests was exceedingly close. Exhaustive biological tests on 
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large numbers of rats were carried out on these oils, and considering the 
great difficulties in the way of a quantitative assay by animal tests, the 
agreement with the two physical tests was highly satisfactory. Further tests 
on sheep-liver fat and oil obtained from marine animals or fishes gave con- 
sistent results. More important perhaps from the present point of view was 
the fact that the richest concentrates of vitamin A obtained from liver fats 
gave a satisfactory growth response at precisely the dosage predicted from 
the intensity of the ultra-violet band and the blue colour. There is, therefore, 
a not inconsiderable body of evidence for stating that the growth-promoting 
factor present in liver fats exhibits selective absorption near 328up and 
possesses the power of giving a blue colour (which has been defined spectro- 
scopically) with antimony trichloride. 

It will be observed that the claims have not been extended outside their 
proper sphere. The growth-promoting factor present in substances of vegetable 
origin may or may not be identical with the material in liver fats; there is 
no satisfactory evidence available yet. It is not claimed that if a substance 
promotes growth it must necessarily give the precise colour reaction of cod- 
liver oil and the near ultra-violet absorption band. To do so would be to 
make the unwarranted assumption that the vitamin A of liver fats is unique in 
the sense that it alone can produce a complex physiological response. It is, 
moreover, not claimed that if a substance absorbs near 300-350 up it must be 
vitamin A. If such a claim were pushed to a logical, if extreme, conclusion, 
such diverse substances as citral, benzaldehyde and xanthophyll would have 
to be reckoned with. 

The work on the vitamin A of liver fats rests essentially on an analytical 
basis. The best way to dispose of either the blue colour test or the ultra-violet 
absorption band as properties of the vitamin would be to concentrate the 
vitamin still further than has yet been done and to show that the parallelism 
to which reference has already been made ceases to hold. 

Rosenheim and Webster [1929] consider that they have subjected the 
claim that vitamin A has a band near 328yp to the experimental test by 
preparing dehydroergosterol, and (a) confirming the absorption curve pre- 
viously obtained by Windaus and Linsert [1928], (6) observing that the 
material does not promote growth, nor (c) give a blue colour with antimony 
trichloride. It is stated that dehydroergosterol possesses intense absorption 
exactly in the same region as that claimed for vitamin A, and “that selective 
ultra-violet absorption at 320-328 up, at any rate by itself, cannot be taken 
as a criterion of vitamin A.” 

The criticism advanced by Rosenheim and Webster means that if a 
substance such as dehydroergosterol exhibits selective absorption similar to 
that found in liver oils and concentrates, then such absorption cannot be 
ascribed to vitamin A. Such criticism is only valid if it be shown quanti- 
tatively that the selective absorption of liver oils in the near ultra-violet is 
actually due to dehydroergosterol. Otherwise, fortuitous coincidences cannot 
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be ruled out. Whether the resemblance is indeed fortuitous is another 
matter; no relevant evidence has yet been brought forward. 

In choosing dehydroergosterol as the reference substance it is conceivable 
that Rosenheim and Webster were acting on the suspicion that, since 
vitamin D is an ergosterol derivative, vitamin A might also be related to 
ergosterol. Accepting the idea as attractive if as yet but vaguely supported, 
let us submit that an argument valid for vitamin D might also be valid 
for vitamin A. Vitamin D and ergosterol appear to absorb selectively 
in roughly the same region of the spectrum. If, however, the criticism of 
Rosenheim and Webster with regard to vitamin A has any meaning, selective 
absorption at 260-300 is not a test for vitamin D. Admittedly such an 
incomplete description of a physical measurement would include many com- 
pounds. The chance of coincidence is, however, greatly reduced when the 
intensity of absorption, say a 0-01 % solution and a 1 mm. layer, is specified. 

Now in comparing the absorption curve for dehydroergosterol and vita- 
min A, Rosenheim and Webster neglect the intensity factor. We have con- 
ducted a very careful re-investigation of dehydroergosterol [cf. Windaus and 
Linsert, 1928] and find that log IJ,/I = 1-0 (ca.) with a 2 mm. layer of 0-02 % 


1-4 


LOG hf 





210 250 290 330 = 370 uu 
Fig. 1. 


—— Absorption curve for dehydroergosterol; concentration 0-02 %; cell thickness 2 mm. 


— -—- The same selective absorption as observed without resolution (cf. Windaus and 
Linsert). 


solution. A sheep-liver fat concentrate containing at most 10 °/ of vitamin A 
/O 


(according to estimates supplied by Prof. Drummond) absorbed to roughly 
the same extent with a 3 mm. layer of a 0-02 % solution. Hence if the band 
shown by the concentrate is due to vitamin A, the absorption of dehydro- 
ergosterol must be of a lower order. Not only is this the case, but the 
general shapes of the respective curves for vitamin A and dehydroergosterol 
are entirely different. Whilst the curve we have attributed to vitamin A has 
not so far been resolved!, that of dehydroergosterol shows three distinct bands 


1 Evidence of ill-defined resolution is now being obtained using very rich concentrates. 
(Note added February 3rd, 1930.) 
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at 342, 326 and 311 yp and an inflexion at about 297 up (Fig. 1). In fact the 
only proved resemblance is that the two curves extend between roughly the 
same limits. In view of this startling discrepancy it will perhaps be worth 
while to append evidence that our material is indeed dehydroergosterol. 

The dehydroergosterol was prepared by boiling an alcoholic solution of 
ergosterol with mercuric acetate in alcoholic solution acidified with acetic 
acid, under the exact conditions described by Windaus and Linsert [1928]. 
After removal of mercurous acetate, the product was repeatedly crystallised 
from chloroform-methy] alcohol and finally obtained in large plates melting 
at 146°. The melting-point of dehydroergosterol is, however, in itself no 
trustworthy criterion of purity, as impure samples containing unchanged 
ergosterol melt at the same temperature as the pure product. We have conse- 
quently followed the purification throughout. by means of the polarimeter. 
The portion used for the spectrographic examination had the following 
constant rotation: 

[e]'> = + 149°-3 (¢ = 1-59 in chloroform). 
Windaus and Linsert [1928] give 
[a> = + 149°-2 (c = 1-21 in chloroform). 





200 240 280 320 360 uy 
Fig. 2. Curves illustrating the disappearance of the characteristic absorption of dehydro 
ergosterol as a result of increasing periods of exposure to ultra-violet light. Initial 
concentration 0-02 %; cell thickness 2 mm. throughout. 

In order further to characterise our product, dehydroergosterol was 
acetylated by boiling with acetic anhydride (10 parts) for 30 minutes. The 
material obtained after recrystallisation from absolute alcohol had physical 
properties identical with those described by Windaus and Linsert for de- 
hydroergosteryl acetate. 

Found: m.p. 146°; [a]}* = + 193°-0 (c = 1-5 in chloroform). 
Windaus and Linsert give 
M.P. 146°; [a]}*" = + 192°-5 (c = 2-0 in chloroform). 

It is not difficult to realise how the finer structure of the dehydroergosterol 

curve could escape detection by Windaus and Linsert if a photoelectric 
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method were used. By this method the intensity of absorption is determined 
for selected wave-lengths of monochromatic radiation, e.g. 253-6, 265, 289, 
303, 313, 3364p, intermediate wave-lengths being neglected. With a photo- 
graphic method, in conjunction with a perfectly continuous spectrum, the 
detailed structure of the absorption curve becomes apparent. 

The photochemical decomposition of dehydroergosterol is a matter of 
some interest, and in Fig. 2 the result of exposure to the full radiation from 
a quartz mercury lamp using quartz test-tubes is shown. Among the products 
of the reaction is a substance exhibiting a broad band with a maximum near 
2474. In the present preliminary work a current of nitrogen was kept 
bubbling through a 0-08 % solution in alcohol. The photochemical changes 
are being further studied under different conditions. 


SUMMARY. 


1. The criticism of Rosenheim and Webster [1929] that the selective 
absorption in the ultra-violet (broad band, max. 328 uz) of liver oils, in itself, 
cannot be taken as a criterion of vitamin A, is contested on general grounds. 

2. The statement that dehydroergosterol exhibits an absorption band in 
the ultra-violet similar to that of vitamin A of liver oils is also contested, 
since this substance exhibits four narrow bands. The only similarity between 
the ultra-violet absorption spectra of dehydroergosterol and vitamin A is that 
they absorb in approximately the same region. Further, the intensity of 
absorption of dehydroergosterol is not greater than one-sixth of that shown 
by the absorbing constituent of liver oils. 


In conclusion we desire to express our appreciation of the support given 
by the Department of Scientific and Industrial Research. 
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XX. THE INHIBITION OF LACTIC ACID 
FORMATION IN CANCER AND MUSCLE. 


‘By SYLVA THURLOW HARRISON anp EDWARD MELLANBY. 
From the Department of Pharmacology, Sheffield University. 


(Received December 5th, 1929.) 


From a chemical standpoint, the problem of cancerous growth may be con- 
sidered in two ways, either that disordered growth is caused by the presence 
of a chemical factor not present in normal tissue, or that disordered growth 
is caused by the absence of some factor normally present in adult tissue. The 
latter point of view seems, perhaps, to be the more plausible when one con- 
siders that, in certain respects, the metabolism of embryonic tissue and that 
of cancer tissue are similar [Warburg, 1924]. It seems reasonable to assume 
that with the development of the embryo there also develops a factor which 
checks certain phases of embryonic metabolism. This factor, present in normal 
adult tissue, would act as a growth regulator. If, in later life, the factor for any 
reason disappears, the tissue would again assume certain embryonic charac- 
teristics. In this paper experiments are described which were carried out to 
determine whether the addition of normal tissue extracts to cancer could 
change the characteristic metabolism of malignant tissue. As is well known, 
the work of Warburg [1923-1926] has shown that the most characteristic of 
the differences so far observed between the metabolism of cancerous tissue 
and that of normal tissue is the marked glycolytic power of the former. The 
line of experimentation followed, then, was to observe the change in glycolytic 
activity of cancer tissue brought about by the addition of extracts of various 
normal tissues. 

Different regions of the body seem to possess a markedly different suscepti- 
bility to cancerous growths. The small intestine apparently affords a site very 
unfavourable to the growth of malignant tissue, since cancer in that region 
is extremely rare. On the line of thought suggested above, it might be 
supposed that the small intestine contained some chemical factor which 
checked cancerous growth, a factor either produced by the intestine itself or 
by one of those organs which empty their secretions into the small intestine. 
The pancreas thus suggested itself as the first tissue to use for our experi- 
mental purpose. A further reason for this choice was afforded by the obser- 
vation of Winfield and Hopkins [1915], and later of Foster and Woodrow 
[1924] and Foster [1925], that extracts of pancreas had an inhibiting effect on 
lactic acid formation by muscle hash. McCullagh [1928] showed that pan- 
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creatic extracts also inhibit lactic acid formation in the soluble muscle enzyme 
system of Meyerhof [1926]. The present paper shows the effect of pancreatic 
extracts on cancer metabolism. This work was begun in May, 1928, and many 
of the experiments to be described had been completed when in December, 
1928, a paper appeared by Barr, Ronzoni and Glaser [1928] in which the 
authors described experiments which had been undertaken with the same 
aim as our own, namely, to see whether pancreatic preparations inhibited 
the glycolysis of cancer tissue. Taking their results as a whole, they concluded 
that pancreatic extract did not inhibit this glycolysis. Our own experiments 
had led us to the opposite conclusion, and since some inhibition had been 
obtained in a number of Barr, Ronzoni and Glaser’s experiments, we decided 
to continue our work. 


EXPERIMENTAL. 


Warburg has shown that not only is the anaerobic glycolysis of cancer 
tissue high, but also the aerobic glycolysis, whereas normal adult tissue shows 
practically no aerobic glycolysis. We therefore studied first the effect of 
pancreatic extracts on the aerobic glycolysis of cancer tissue. The type of 
manometric apparatus and technique described by Warburg were used. In 
all of these experiments, a thin slice of cancer tissue was suspended in bicar- 
bonate Ringer solution (0-25 M with respect to bicarbonate). When glycolysis 
was being measured, the Ringer contained 0-2 % glucose. Each apparatus 
was filled with a mixture of 95 % air and 5 % CO, and shaken in a water- 
bath at 37° for 1 hour. At the end of the experiment, the tissue was removed, 
washed, dried and weighed. A watery extract of commercial pancreatin was 
made by allowing 0-5 g. of the dry preparation to stand in 5 cc. water for 
an hour and then filtering. This preparation was made fresh every day. 
Another extract was made according to the method of Foster and Woodrow 
[1924] in which the factor is precipitated by 70 % alcohol. In all the later 
experiments, the pancreatic preparation from fresh pancreas described by 
Ronzoni, Glaser and Barr [1928] was used. This is precipitated by 58 % 
alcohol. Preliminary experiments showed that heated pancreatic extract did 
not inhibit the glycolysis of cancer tissue. In investigating the action of the 
pancreatic extracts, the same amount of heated extract was always added 
to the control apparatus as of unheated extract to the experimental 
apparatus, the two solutions being in this way more comparable than if water 
were used in the control. The pancreatic extract for the control was immersed 
in a test-tube in boiling water for 5 minutes. The py of heated and unheated 
extracts was brought to 7-6 before using. 

The malignant tissue used was for the most part mouse carcinoma 63, 
and occasionally the slow growing Twort carcinoma, both kindly supplied 
by Dr J. A. Murray, F.R.S., of the Imperial Cancer Research Institute. Rat 
carcinoma 9 was tried but great difficulty was experienced in getting tumours 
that were not necrotic or haemorrhagic. 
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A typical experiment using mouse carcinoma 63 is given below. Five 
Barcroft micro-apparatus, of the type having the manometer open at one 
end, were used, containing: 


1. 0-4 cc. bicarbonate Ringer + 0-1 cc. pancreatic extract + 2-8 mg. tissue: 

2. 0-4 cc. bicarbonate Ringer + 0-1 cc. heated pancreatic extract + 2-2 mg. 
tissue: 

3. 0-4 cc. bicarbonate Ringer (0-2 % glucose) + 0-1 ce. pancreatic extract 
+ 1-6 mg. tissue: 

4, 0-4 ec. bicarbonate Ringer (0-2 % glucose) + 0-1 cc. heated pancreatic 
extract + 1-8 mg. tissue. 


A fifth apparatus containing 0-5 cc. Ringer only was used as a temperature 
control. Apparatus 1 and 2 contained no glucose and therefore gave the CO, 
produced by oxidation processes. Apparatus 3 and 4 contained glucose, and 
any CO, given off beyond that produced in 1 and 2 was due to the glycolysis 
of glucose [Warburg, 1923]. The figures (multiplied by the apparatus constant 
and divided by tissue weight) for the above experiment are given below. They 
represent mm.* CO, per mg. dry weight of tissue per hour. 


1. Ringer + pancreatic extract + 05 

2. a + heated extract — 1-7 

3. ., + glucose + pancreatic extract + 14-6 

4, ma + glucose + heated extract + 20-2 
Glycolysis with pancreatic factor = (14-6 — 0-5) = 14-1 
is without ii » = (20-2 + 1-7) = 21-9 


In this experiment the pancreatic extract has caused an inhibition in 
aerobic glycolysis of 35 °%. Previous workers using muscle hash had obtained 
inhibitions ranging from 40 to 60 %. 

A possible source of error lay in the fact that the buffering power of the 
pancreatic extract might have been lowered by heating and that hence the 
heated extract would not retain so much CO, as the unheated. If this were 
true, a correction factor would have to be applied to the observed readings. 
To test this possibility, an experiment was carried out according to Negelein’s 
[1925] method, and it was found that no extra retention of CO, occurred in 
the solution containing unheated pancreatic extract and that therefore no 
retention correction was necessary. 

Table I gives the results of experiments measuring the aerobic glycolysis 
of cancer tissue as affected by extracts of pancreas. The pancreatic extract 
made according to Foster and Woodrow is designated as F and W. The 
extracts marked “‘sterilised’’ were passed through a sterilising filter. 

It will be seen from Table I that in 15 of the 22 experiments the pancreatic 
extract caused an inhibition of glycolysis ranging from 15 to 100%. During 
the course of these experiments, the work of Case and McCullagh [1928] 
appeared, which showed that the pancreatic factor inhibiting muscle glycolysis 
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Table I. 


Pancreatic extract 
ce. 


Water extract 
Water extract 
Water extract 
Water extract 
Water extract 
F and W 
F and W 
Water extract 
Water extract 
sterilised 
Water extract 
Water extract 
Water extract 
sterilised 
Water extract 
Water extract 
Water extract 
Water extract 
Water extract 
sterilised 
Water extract 
Water extract 
F and W 


No amylase 
F and W 

No amylase 
F and W 

No amylase 


0:01 heated 
0-01 

0-1 heated 
0-1 

0-1 heated 
0-1 

0-1 heated 
0-1 

0-05 heated 
0-05 

0-1 heated 
0-1 

0-1 heated 
0-1 

0-05 heated 
0-05 

0-05 heated 
0-05 

0-05 heated 
0-05 

0-05 heated 
0-05 

0-05 heated 
0-05 

0-05 heated 
0-05 

0-02 heated 
0-02 

0-05 heated 
0-05 

0-05 heated 
0-05 

0-05 heated 
0-05 

0-05 heated 
0-05 

0-05 heated 
0-05 

0-05 heated 
0-05 

0-1 heated 
0-1 

0-1 heated 
0-1 


mm.* CO, per mg. per hour 
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With 


glucose 
+15-18 


+ 6-9 
+ 86 
+12-0 
+19-2 
+30-°8 
+15-7 
+ 81 
+19-1 
+21-9 
+ 49 
+ 4-7 
+16-9 
+ 80 
+21-6 
+16-9 
+10-9 
+11-1 
+116 
+27-4 
+19-3 
+36-0 
+ 7-9 
+141 
+14-9 
+14-1 
+158 
+18-0 
+ 9-3 
+10-8 
+ 6-2 
+ 24-2 
+ 3-7 
+16-2 
8-0 
7-6 
4-1] 
7-9 
15-3 
20-6 
+ 7-9 
+13-8 
+ 68 
+11-6 


++ t+ +4 


Aerobic 
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% 
66 


bo 
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19 
36 
100 
64 
69 


63 
No inhi- 
bition 


17 
No inhi- 
bition 
No inhi- 
bition 


15 
No inhi- 
bition 
No inhi- 
bition 
No inhi- 
bition 
No inhi- 
bition 


of starch was in all probability amylase. All extracts after that were tested 
for amylase. In three of the seven experiments (Nos. 20, 21 and 22) in which 
the pancreatic extract did not cause an inhibition of glycolysis, alcoholic 
extracts made according to Foster and Woodrow’s directions were used. 
Each of these extracts was tested for amylase and gave a practically negative 
result. In another of the experiments (19) in which there was no inhibition, 
the aerobic glycolysis without pancreas was already very low, 3mm.* CO, 


being the production by 1 mg. of tissue in 1 hour as compared with an average 
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of 12 mm. per hour. Discarding those experiments in which the alcoholic 
extracts contained no amylase, the results in Table I show that pancreatic 
extracts caused an inhibition in the aerobic glycolysis of cancer tissue in 
15 out of 19 cases. The solution containing unheated pancreatic extract and 
no glucose generally gave off more CO, than did that containing heated 
extract. It is unfortunate that the smaller figure for glycolysis with pan- 
creatic extract is obtained in some cases because the larger control is subtracted, 
but this does not apply to the malt diastase experiments nor to the anaerobic 
and chemical experiments to be given later which show that the lower glyco- 
lysis with unheated pancreatic extract is real. 


Table II. 


mm. CO, per mg. per hour 





—— A, Inhi- 
No. of Inhibitor Without With Aerobic _ bition 
exp. Carcinoma ce. glucose glucose glycolysis % 
1 63 Malt diastase 0-05 heated + 2-4 + 16-9 14-5 
0-05 + 2-8 6-9 4-1 71 
2 63 Malt diastase 0-1 heated + 33 + 21-7 18-4 
0-1 + 56 + 11-7 6-1 66 
3 63 Malt diastase 0-1 heated + 48 + 11-9 7-1 
0-1 + 38 + 56 1-8 74 
4 63 Malt diastase 0-1 heated + 4-0 + 11-1 71 
0-1 + 3:8 9-4 56 21 
5 63 Malt diastase 0-05 heated + 0-3 + 33-8 33-5 
0-05 4:8 + 16-0 11-2 63 
6 63 Malt diastase 0-05 heated + 2-5 - 5-6 3-1 
sterilised 0-05 + 2-8 4:7 1-9 39 
7 63 Malt diastase 0-1 heated 1-4 + 11+3 12-7 
sterilised 0-1 + 2-4 + 56 3-2 74 
8 63 Malt diastase 0-1 heated + O--4 - 9-4 9-0 
sterilised 0-1 + 3-4 + 89 5:5 39 
9 63 Mali diastase 0-05 heated - 1-9 + 3-0 4-9 No inhi- 
half strength 0-05 1-2 + 4:6 5:8 bition 
10 Twort Takadiastase 0-1 heated + 3-2 + 9-7 6-5 
0-1 + 8-6 + 9-2 0-6 90 
il Twort Takadiastase 0-1 heated + 19 + 22-7 20-8 
0-1 +140 - 10-2 — 100 
12 Twort Takadiastase 0-1 heated 0-0 + 10-4 10-4 
0-1 + 7-3 + 12-4 5-1 51 
13 63 Takadiastase 0-1 heated + 15 + 7-6 6-1 
0-1 + 14-0 + 13-5 — 100 
14 63 Takadiastase 0-1 heated + O07 + 6:8 6-1 
- 0-1 - 6-1 + 8-0 1-9 69 
15 63 Takadiastase 0-1 heated + 1-0 + 12-3 11-3 
0-1 + 3-9 + 11-9 8-0 29 
16 63 Takadiastase 0-1 heated + 37 + 8] 4-4. 
0-1 + 75 +10-9 3-4 22 
17 63 Takadiastase 0-1 heated 6-8 + 13-1 6:3 No inhi- 
0-1 5-5 + 14-4 8-9 bition 
18 63 Salivary gland 0-1 heated + 6-0 +23-4 17-4 
0-1 bs ae 5-4 T 12-2 6-8 61 
19 63 Salivary gland 0-1 heated + 2-6 + 9-2 6-6 
0-1 + 28 + 7-2 4-4 33 
20 63 Salivary gland 0-1 heated + 2-2 + 10-4 8-2 
0-1 + 44 9-4 5-0 39 
21 63 Salivary gland 0-1 heated + 08 + 7-9 7-1 
0-1 + 32 - 9-6 6-4 9 
22 63 Salivary gland 0-1 heated + 0-2 + 4:7 4:5 No inhi- 
0-1 0-0 + 5:0 5-0 bition 


Biochem. 1930 xxIv 
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Since Case and McCullagh had shown the inhibiting factor for muscle 
glycolysis to be present in other extracts containing amylase, we tried the 
effect of such extracts on the aerobic glycolysis of cancer tissue. Malt diastase 
and takadiastase extracts were made by extracting 0-5 g. dried commercial 
preparation with 5cc. water for 1 hour, filtering and adjusting to about 
Pu 7-6. The salivary gland preparation was made as follows. The submaxillary 
gland of an ox was minced, ground with acetone twice, filtered, ground with 
ether twice, filtered and dried in air. 0-2 g. was extracted in 8 cc. water. 

The effects of malt diastase, takadiastase and salivary gland extracts on 
the aerobic glycolysis of cancer tissue are shown in Table IT. 

Table II shows that in 22 experiments in which malt diastase, taka- 
diastase or dried salivary gland was used, there were 19 cases in which the 
presence of one or other of these preparations caused an inhibition in the 
aerobic glycolysis of cancer tissue. 

Similar experiments using pancreatic extracts were then made anaerobic- 
ally. The experiments were carried out in the manner already described 
except that the gas mixture used for filling the flasks consisted of 95 % 
nitrogen and 5 % CO,. The results are given in Table III. The pancreatic 
extract used in these experiments was prepared according to the method of 
Ronzoni, Glaser and Barr. 

The tissue used in all the experiments in this table was mouse carcinoma 63. 


Table ITI. 


No. of Pancreatic extract mm.* CO, with Inhibition 
exp. ce. glucose % 
l 0-1 heated 29-5 
0-1 21-1 28 
s 0-1 heated 11-1 
0-1 1-2 89 
3 0-1 heated 15-8 
0-1 3°3 79 
4 0-1 heated 6-5 
0-1 1-0 84 
5 0-1 heated 24-0 
0-1 13-0 46 
6 0-1 heated 10-2 
0-1 7-5 26 
7 0-1 heated 11-7 
0-1 0-4 96 


It can be seen from Table III that pancreatic extract made according to 
Ronzoni, Glaser and Barr’s directions caused an inhibition (ranging from 
26 to 96 %) in the anaerobic glycolysis of cancer tissue in all of the seven 
experiments. 

Several experiments were then carried out on a larger scale, in which the 
lactic acid formed was estimated directly by the chemical method of Friede- 
mann, Cotonio and Shaffer [1927]. The pancreatic extracts for these experi- 
ments were made according to Ronzoni, Glaser and Barr, a number of 
different preparations being used. A control was always done using Ringer 
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solution and pancreatic extract without tissue. The iodine value for this 
was subtracted from that obtained when a similar solution contained tissue. 
Also a control experiment was always made with tissue in Ringer with no 
added sugar to allow for the lactic acid from the tissue alone. The reading 
obtained from this control was subtracted from that obtained for the sugar- 
containing solutions both with and without pancreatic extract. 14 ce. bicar- 
bonate Ringer, 5 cc. pancreatic extract, or 5 cc. water (or in some cases 5 cc. 
heated extract) and 1 cc. glucose solution (of such strength that the final 
glucose concentration was 0-4 %) were put into a flask and a weighed amount 
of cancer tissue slices added. (A number of tumours were sliced thinly, the 
slices drained quickly on filter paper, and, having been picked at random from 
the mixed tumours, were weighed, about 0-4 to 0-5 g. being added to each 
flask.) The flasks were filled with nitrogen containing 5 % CO,, stoppered 
and shaken in a water-bath at 37° for 2 hours. Before the estimation of lac ic 
acid, proteins were removed by trichloroacetic acid and sugars by copper 
sulphate and calcium hydroxide. Table IV gives the results of these experi- 
ments. P.E. designates pancreatic extract. 


Table IV. 
No. of Mg. lactic acid formed Inhibition 

exp. Cancer tissue per g. dry wt. tissue % 

1 63 NoP.E. 31:5 
With P.E. 12-0 61 

2 Human fibro- NoP.E. 32:8 
sarcoma of leg With P.E. 0-0 100 

3 63 NoP.E. 16-5 
With P.E. 9-5 42 

4 63 NoP.E. 48-7 
With P.E. 22-7 53 

5 63 NoP.E. 18-0 
With P.E. 0-2 99 

6 63 No P.E. 27-5 
With P.E. 22-0 20 

7 63 NoP.E. 46-5 
With P.E. 19-0 59 

8 63 NoP.E. 37-0 
With P.E. 30-0 19 

9 63 NoP.E. 48-0 
With P.E. 6-0 87 

10 63 NoP.E. 61-0 
With P.E. 20-0 67 

11 63 NoP.E. 80-5 
With P.E. 26-0 67 

12 63 NoP.E. 37-5 
With P.E. 7-2 80 

13 63 No P.E. 30-0 
With P.E. 3-0 90 

14 63 NoP.E. 30-4 
+ fructose With P.E. 6-9 77 

15 63 NoP.E. 22-5 
+ fructose With P.E. 6-5 71 


Table IV shows that in the 13 experiments in which glucose was used the 
pancreatic extract in all cases caused an inhibition in the amount of lactic 
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acid formed, ranging from 20 to 100%. Warburg has shown that cancer 
tissue can use fructose also as a precursor of lactic acid. In the last two 
experiments in Table IV, 0-4 % fructose was used instead of glucose and it 
can be seen that pancreatic extract inhibits this glycolysis also. 

Barr, Ronzoni and Glaser [1928] quote a total of 21 manometric experi- 
ments on the glycolysis of cancer tissue in the presence of pancreatic extract, 
8 cases of inhibition occurring, ranging from 6 to 37%. They also give 
6 chemical experiments in 2 of which inhibition occurred, to the extent of 
5 and 29 % respectively. They conclude that pancreatic extract causes no 
appreciable inhibition in the glycolysis of cancer tissue. If all the experiments 
in the previous four tables are considered together (not counting the 3 in 
which the pancreatic extract had no amylase), there is a total of 63, with 
only 4 where no inhibition occurred. We feel justified, then, in stating that 
some factor, presumably amylase, common to pancreatic extract, malt 
diastase, takadiastase and dry salivary gland, does cause an inhibition in 
the glycolysis of the cancer tissue used in this laboratory. 

The question now arises as to the mechanism by which these various 
extracts bring about inhibition. McCullagh has shown that the substance 
which brings about the inhibition in muscle glycolysis when starch is used 
is amylase. After the publication of this work, tests for amylase were always 
made on the various extracts used in our work, and we found that extracts 
containing no amylase gave no inhibition in the glycolysis of cancer tissue. 
It is difficult to make any accurate comparison using cancer tissue between 
the degree of inhibition caused by various preparations and their amylase 
content, because the use of slices of tissue, rather than the homogeneous 
tissue extract which McCullagh used from muscle, involves an experimental 
error which invalidates any but fairly large differences. Barr, Ronzoni and 
Glaser made an extract of cancer tissue but found it to be glycolytically 
inactive. It is therefore, at the moment, impossible to work with a more 
homogeneous source of the glycolytic enzyme from cancer tissue than is 
provided by slices of tissue. We assume, then, for the time being, that the 
factor inhibiting glycolysis in cancer tissue is amylase. McCullagh claims 
that amylase inhibits the glycolysis of starch because it prevents the 
formation of hexosephosphate which is known to be an intermediate product 
in the breakdown by muscle of starch to lactic acid. Barr, Ronzoni and 
Glaser, who added phosphate to bicarbonate-Ringer, observed no increase 
in the lactic acid formation by cancer tissue, and hence they assumed 
that glucose, when acted upon by cancer tissue, did not go through a phos- 
phate stage. This assumption was supported by their inability to observe 


any changes in inorganic phosphorus during the course of glycolysis in cancer 
tissue. They therefore explain their observations that in the majority of cases 
pancreatic extract did not inhibit the glycolysis of cancer tissue, by agreeing 
with McCullagh as to the function of the inhibiting factor, namely that in 
muscle it prevents the formation of hexosephosphate. If, in cancer meta- 
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bolism, hexosephosphate plays no part, on the above assumption no inhibition 
of glucose glycolysis would be expected. But, as the previous tables have 
shown, in 95 % of our experiments pancreatic extract (or some other amylase- 
containing extract) did cause an inhibition of glycolysis in cancer tissue. We 
then made a number of experiments, using hexosediphosphate and hexose- 
monophosphate as substrates for glycolysis instead of glucose. Barium 
hexosediphosphate and barium hexosemonophosphate were very kindly given 
to us by Dr R. Robison, who informed us that the hexosemonophosphate was 
of the usual mixed aldose-ketose type, obtained by fermentation with yeast 
juice and purified by precipitation as basic lead salt. 

We also wish to express our thanks to Bayer Products, Ltd., for very kindly 
presenting us with a quantity of calcium hexosediphosphate. The hexose- 
phosphate solutions were made up so that they were equivalent to a final 
concentration of 0-4 % hexose, thus making them comparable with solutions 
containing 0-4 % glucose. Calcium hexosediphosphate was dissolved in the 
molecular equivalent amount of sodium oxalate, and the calcium oxalate 
centrifuged off, the supernatant liquid always being tested to ensure freedom 
from oxalate. The analysis provided by Bayer Products, Ltd. of the calcium 
hexosediphosphate showed that it contained 29 % water, an allowance for 
which was made in the quantities used. Barium hexosemonophosphate was 
treated with the molecular equivalent amount of Na,SOQ,, centrifuged and 
tested’ for freedom from Ba. The hexosediphosphate solution was prepared 
in the same way. Several experiments were done anaerobically using the 
manometric method already described. The results of these experiments are 
given in Table V. Carcinoma 63 was used. P.E. represents pancreatic 
extract. 


Table V. 
mm.* CO, per mg. 
No. of dry wt. tissue 
exp. Substrate per hour 
1 Glucose 29-5 
eo +P 21-1 
Hexosediphosphate 3-9 
9 +P.E. 0-8 
2 Glucose 11-1 
oa es 1-2 
Hexosediphosphate 2-6 
S +P.E. 4-4 
3 Glucose 15-8 
% j++APE 3-3 
Hexosediphosphate 0-0 
# +P.E. 0-0 
4 Glucose 6-5 
Hexosediphosphate 0-0 
5 Glucose 10-2 
Hexosediphosphate 0-0 
Hexosemonophosphate 0-0 
6 Glucose 11-7 
»  +P.E. 0-4 
Hexosemonophosphate 0-8 


+P.E. 1-5 
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Several experiments, in which the lactic acid was determined chemically, 
were carried out using these substrates. Their results are given in Table VI. 
Carcinoma 63 was used. 


Table VI. 
Mg. lactic acid 


No. of per g. dry wt. 
exp. Substrate tissue 
1 Glucose 55-0 

Hexosediphosphate 0-0 

2 Glucose 30-0 
=» ‘hae 3-0 
Hexosediphosphate 1-7 

os +P.E. 0-0 

Hexosemonophosphate 0-0 

» +P.E. 0-0 

3 Fructose 22-5 
ea +P.E. 6-5 
Hexosediphosphate 7-0 

” +P.E. 0-0 

Hexosemonophosphate 2-5 


The experiments in Tables V and VI show that cancer tissue cannot use 
either hexosediphosphate or hexosemonophosphate to any appreciable extent 
as a source of lactic acid. Starch was tried also as a substrate for cancer 
glycolysis but the tumour tissue was unable to act upon it, as Barr, Ronzoni 
and Glaser have also found. It is clear that the hypothesis that pancreatic 
extract inhibits glycolysis by preventing the formation of hexosephosphate is 
not applicable at any rate to cancer tissue, since the latter cannot form lactic 
acid from either the diphosphate or the monophosphate when they are supplied. 

The possibility that the inhibition might be a simple adsorption of glucose 
by the unheated extract is rendered unlikely by the result of the following 
experiment in which doubling the concentration of glucose, leading to an 
increase of free sugar in the solution, produced no appreciable change in the 
inhibition brought about by a given amount of pancreatic extract. Carcinoma 
63 was used. 


3 \ 
mm.* CO, per mg. 


dry wt. tissue Inhibition 
Substrate per hour % 
Glucose 0-4 % 34-0 
" ». +P. 13-0 46 
Glucose 0-8 °% 25-6 
+ P.E. 14-6 43 


As yet, then, we have no explanation to offer for the mechanism by which 
pancreatic extract inhibits the lactic acid formation in cancer tissue. 

As a result of this work we decided to investigate McCullagh’s theory of 
the cause of inhibition by amylase of glycolysis in muscle, according to which 
pancreatic extract inhibits the formation of lactic acid by preventing the 
intermediate formation of hexosephosphate. We have already shown that 
this theory does not explain the inhibition produced by pancreatic extract 
on the glycolysis in cancer tissue. We now tried the effect of pancreatic extract 
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on the soluble muscle enzyme system of Meyerhof [1926], to which hexose- 
phosphate had already been added. The results are given in Table VII. For 
these experiments, the soluble muscle enzyme was prepared according to the 
directions of McCullagh. The quantities used in each flask were 8 cc. of muscle 
extract, 3cc. phosphate buffer (made according to McCullagh), 4 cc. pan- 
creatic extract (Ronzoni, Glaser and Barr’s), 3 cc. 2-4 % substrate (starch, 
glucose, or hexosephosphate which was 2-4 % with respect to hexose), and 
2 ec. water or yeast activator (made according to Meyerhof [1927]). 5 cc. of 
the contents of each flask were removed immediately into 1 cc. of 20% 
trichloroacetic acid, these solutions serving as controls. The remainder was 
incubated for 4 hours at 37°, and then 3 cc. of 20 % trichloroacetic acid were 
added. After filtering off the proteins, the sugars, starch and hexosephosphate 
were precipitated in an aliquot neutralised portion by CuSO, and Ca(OH),. 
This method precipitates not only glucose, but, as was shown by Embden 
and Zimmermann [1924], other carbohydrates including hexosephosphates. 
The lactic acid in an aliquot portion of the final filtrate was estimated by the 
method of Friedemann, Cotonio and Shaffer. Results are expressed in mg. 
of lactic acid produced by 10 cc. of soluble muscle enzyme. Controls were 
always done in which no substrate was added as there proved to be always 
a small formation of lactic acid with no added substrate. These control 
figures were subtracted from those obtained with solutions to which substrate 
was added. In Exp. 1, Table VII, barium hexosediphosphate was used. In 
the other experiments in this table, the calcium salt was used. P.E. designates 
pancreatic extract. 

For Exp. 12 in Table VII, the water extracts of pancreas, takadiastase 
and malt diastuse were made by extracting 2g. of dry preparation with 
30 cc. water for 2 hours, filtering and neutralising. The saliva was diluted 
1:5. 

In some of the experiments in which glucose was used as a substrate, an 
activator prepared from yeast by the method of Meyerhof was -added. 
Meyerhof has shown that the soluble muscle enzyme system has in large part 
lost the power of changing glucose to lactic acid. This power he shows to be 
restored when yeast activator is added. 

The effect of pancreatic extract on glycolysis in the soluble muscle enzyme 
system is seen from the results in Table VII to be as follows. (1) When 
starch is the substrate, inhibition is brought about; (2) when hexosediphos- 
phate is the substrate, inhibition is again brought about; but (3) when 
hexosemonophosphate or (4) glucose plus yeast activator are the substrates, 
no appreciable inhibition occurs. 

The fact that pancreatic extract inhibits glycolysis in the soluble muscle 
enzyme system not only when starch is the substrate but also when hexose- 
diphosphate is used, shows that the inhibiting factor does not act by pre- 
venting the formation of hexosediphosphate, because when hexosediphosphate 
is added to the system, inhibition still occurs. The weight of evidence seems 
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Table VII. 


Substrate 
Starch 
» +P.E. 
Glucose 
+ P.E. 
He srosediphosphate 
+P.E. 


Starch 
» +E. 
Glucose 
+ P.E. 
Hexose ——— 
+P.E. 


Starch 
» +P.E. 
Glucose 
” + yeast activator 
+ yeast activator + P.E. 


Hexose diphosphate 
- +P.E. 


Starch 
» +P.E. 
Hexosediphosphate 


ma +P.E, 
Starch 
» +PE. 
Glucose 
= +P.E. 


+yeast activator 

+ yeast activator + P.E. 
He »xosediphosphate 

a +P.E. 


” 


Starch 
» +P.E. 
Hexosediphosphate 
+P.E. 
Hexosemonophosphate 
+P.E. 


” 


Hexosemonophosphate 
+P.E. 


Starch 
» +P.E. 
Hexosediphosphate 
+P.E. 
Hexose monophosphate 
+P.E, 


Starch 
+P.E. 
Hexosediphosphate 
+ P.E. 
Hexosemonophosphate 
+P.E. 


” 
Starch 

» +P.E. 
Glucose + yeast activator 


» + yeast activator + P.E. 


Hexosediphosphate 
+P.E 
Hexose nein” 
o +P.E. 
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LACTIC ACID IN CANCER AND MUSCLE 
Table VII (cont.) 


Mg. lactic acid 


No. of per 10 ce. Inhibition 

exp. Substrate muscle extract % 
11 Starch 16-6 

ss tk elie 7-0 58 
»  +yeast activator 12-4 

»  tyeast activator + P.E. 7-6 38 
Hexosediphosphate 6-4 

9 +P.E. 1-0 st 
» +yeast activator 11-0 

” +yeast activator + P.E. 0-0 100 
Hexosemonophosphate 13-3 

ss +P.E. 15-8 0 
12 Starch 14-9 

» +P.E. (R.G. and B.) 0-0 100 

»  +P.E. (water) 0-0 100 

»  +takadiastase 2-3 84 

>» +malt diastase 0-0 100 

>  +saliva 11-9 20 
Hexosediphosphate 18-9 

a +P.E. (R.G. and B.) 5:3 72 

‘ +P.E. (water) 0-0 100 

” +takadiastase 1-3 93 

- +malt diastase 2-5 86 

“5 +saliva 5-4 71 


now, however, to point to hexosemonophosphate as being the normal pre- 
cursor of lactic acid in muscle [Embden and Zimmermann, 1927; Meyerhof 
and Lohmann, 1927; Pryde and Waters, 1927]. Table VII shows that when 
hexosemonophosphate is added to the soluble muscle enzyme system, pan- 
creatic extract no longer causes an inhibition in the formation of lactic acid. 
This observation is compatible with McCullagh’s theory that the inhibiting 
power of the pancreatic extract is due to the prevention of esterification. 
When a substrate like glycogen is useu from which hexosephosphate must be 
synthesised, the pancreatic extract causes inhibition in the amount of lactic 
acid formed, but when monophosphate itself is used, in which case obviously 
no synthesis is required, pancreatic extract causes no inhibition in lactic acid 
formation. Case and McCullagh showed that when glucose with yeast acti- 
vator was added to the muscle enzyme, pancreatic extract caused no inhibition 
in lactic acid formation. Our own results (Table VII) confirm this observa- 
tion. Meyerhof has shown that glucose with yeast activator and the muscle 
enzyme forms in part a labile hexosephosphate which is broken down to lactic 
acid. In other words, an esterification of glucose and phosphate must take 
place before lactic acid is formed. Case and McCullagh believe esterification 
to be impossible in the presence of pancreatic extract, yet their results 
and our own show that pancreatic extract in no way inhibits the lactic acid 
formation (and hence, according to Meyerhof, the hexosephosphate formation) 
from glucose acted upon by the muscle enzyme in the presence of yeast 
activator. Case and McCullagh state that since the inhibiting factor is 
amylase, and amylase does not act on glucose, no inhibition in lactic acid 
formation from glucose was to be expected. This deduction is difficult to 
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understand, because the function they have attributed to amylase, namely, 
the inhibition of esterification, is not one which it could exert on starch (its 
known substrate) since starch does not combine directly with phosphorus to 
make hexosephosphate. Meyerhof pictures that in the breakdown of starch 
there is first formed a labile hexose which then becomes esterified. It seems 
unlikely that the inhibiting factor would prevent esterification of this labile 
hexose from starch when it does not prevent esterification of glucose in the 
presence of its activator. It might appear at first sight possible that the 
yeast activator itself prevented the inhibiting action of pancreatic extract. 
but that such is not the case is clear from the results of Exp. 11, Table VII, 
where the addition of yeast activator to a muscle enzyme system acting on 
starch in the presence of pancreatic extract did not prevent the usual inhibi- 
tion by the pancreatic extract from taking place. In this experiment, yeast 
activator was also added to the muscle enzyme system in which hexosediphos- 
phate was the substrate. The inhibition produced by the pancreatic extract 
was not diminished by the presence of the activator. These observations led 
us to think that the inhibiting factor in the various extracts studied, while 
presumably amylase as Case and McCullagh believe, was not causing inhi- 
bition in lactic acid formation in muscle in the way they suggest, namely, 
by preventing esterification. McCullagh’s evidence for his theory that hexose- 
phosphate cannot be formed in the presence of amylase is, ““ When the forma- 
tion of lactic acid was prevented by the use of the pancreatic factor, the total 
reducing power after acid hydrolysis sufficient to break down starch but not 
hexosephosphate was not changed. The hexosephosphates differ from glucose 
in their reducing power....These results, therefore, suggested that hexose- 
phosphates were not being formed in the presence of pancreatic extract.” 
Ronzoni, Glaser and Barr show a large increase in the amount of free reducing 
substances in the presence of the pancreatic factor. This increase in free 
reducing sugars is much greater in the presence of pancreatic extract than in 
its absence. These two facts considered together, first, that there is no loss 
of total carbohydrate and second, that there is a very large increase in free 
sugar in the presence of the pancreatic extract, might, from one point of 
view, be considered as evidence that, after the breakdown of glycogen to free 
sugar, the pancreatic factor exerts its activity, preventing this free sugar 
from becoming esterified. Hence the free sugar accumulates and the total 
carbohydrate remains the same. These observations, however, can be equally 
well explained on the hypothesis suggested below. The second piece of evi- 
dence advanced by Case and McCullagh that the pancreatic factor prevents 
esterification is the fact that in the presence of the pancreatic factor, inorganic 
phosphorus does not disappear, but in fact increases, whereas in a muscle 
enzyme system free from pancreatic extract, inorganic phosphorus decreases, 
pointing to the formation of a hexosephosphate. We consider that this evi- 
dence does not prove that the inhibiting power of pancreatic extract is due 
to the prevention of esterification of hexose and phosphate. We suggest that 
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a simpler explanation of the experimental observations can be based on the 
well-known fact that amylase breaks down starch to maltose. Meyerhof has 
shown that maltose yields only a very small amount of lactic acid when acted 
upon by the muscle enzyme system. Hence, the effect to be expected on 
adding pancreatic extract to a muscle enzyme system acting on starch would 
be a decreased lactic acid formation. Embden and Haymann [1924] have 
shown that maltose when added to muscle does not increase the formation of 
hexosephosphate; in other words, maltose will not link up with inorganic 
phosphorus in the presence of the muscle enzyme to form a hexosephosphate. 
This means, then, that in the presence of the pancreatic extract there would 
be no appreciable change in total free carbohydrates because no appreciable 
amounts of lactic acid or of hexosephosphate were being formed. But there 
would be a large increase in free sugar because starch was being broken down 
to maltose. In the uninhibited muscle system, starch is broken down to a 
labile hexose which is quickly esterified so that there is little increase in free 
sugar. Again, let us examine the inorganic phosphorus results of Case and 
McCullagh and Ronzoni, Glaser and Barr. In the uninhibited muscle system 
the amount of inorganic phosphate is reduced because hexosephosphate is 
built up more quickly than it is broken down. In the presence of pancreatic 
extract, inorganic phosphate does not disappear because maltose, which the 
amylase has formed from starch, does not link up with phosphorus to form 
hexosephosphate. In this manner, the results obtained by Case and McCullagh, 
Ronzoni, Glaser and Barr, and ourselves can be explained without assuming 
any unknown action of amylase on starch. Also this explanation, unlike that 
of McCullagh, is compatible with the results obtained with glucose and yeast 
activator. 

Our results have shown that the production of lactic acid from hexose- 
diphosphate is also inhibited by the pancreatic factor. Is this inhibition, like 
that of the starch, also due to amylase? Exp. 12, Table VII, shows the 
results of an attempt to find out whether the inhibition of lactic acid forma- 
tion from these two substances was caused by the same factor. Several 
different amylase preparations were used and their effects on the glycolysis 
of starch and hexosediphosphate are in the main roughly parallel, so that, 
unless another factor were present in the various extracts in about the same 
proportion as amylase, the inhibition of the glycolysis of hexosediphosphate 
appears to be due to the same factor that causes the inhibition of the glycolysis 
of starch. 

At present we cannot explain the mechanism by which pancreatic extract 
causes an inhibition in lactic acid formation from hexosediphosphate. 

Several of Ronzoni, Glaser and Barr’s experimental facts can be inter- 
preted from our own results. They found, as did Foster and Woodrow, that 
with muscle itself, the pancreatic extract caused only 40-60 % inhibition. 
-Ronzoni, Glaser and Barr show that this cannot wholly be explained by 
insufficient permeation of the muscle by the pancreatic extract and assume 
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that the incomplete inhibition is due to the presence of some preformed 
precursor of lactic acid. The precursor of lactic acid in muscle has been shown 
by various workers already quoted to be hexosemonophosphate. Our results 
show that hexosemonophosphate is not inhibited by the pancreatic extract 
and hence the incomplete inhibition obtained when pancreatic extract acted 
on muscle can be explained. Again, Ronzoni, Glaser and Barr give experiments 
in which the muscle enzyme system was for a time allowed to form hexose- 
phosphate and then the inhibiting factor was added. After incubation, there 
was found to be some lactic acid formed in spite of the presence of the in- 
hibitor. They explain that this is from the hexosephosphate formed before 
the inhibitor was added. This again fits in with our results in which the 
glycolysis of hexosemonophosphate is not inhibited by pancreatic extract. 
We suggest that what happens in the muscle enzyme system under various 
conditions is as follows: 


Starch - Hexosemonophosphate —> Lactic acid 
+ Pancreatic factor inhibits by forming 
Maltose 
Hexosediphosphate —> Lactic acid 
y Pancreatic extract inhibits possibly by forming 
Free phosphate and a hexose not acted upon by muscle 


Hexosemonophosphate —> Lactic acid 
Y Pancreatic extract has no effect 


Glucose + yeast activator - Hexosemonophosphate — Lactic acid 
; 


¥ Pancreatic extract has no effect 

It is impossible at the moment to fit the cancer system into this scheme. 
as, in cancer, glucose glycolysis is inhibited by the pancreatic factor; also in 
muscle, glucose goes through a phosphate stage and in cancer it probably 
does not. It must be borne in mind, however, that in the muscle experiments 
an extract is used, while in the cancer experiments a slice of tissue is used. 
We are, however, able to say that in glycolysis by cancer tissue the pancreatic 
factor does not inhibit the formation of lactic acid by preventing the formation 
of hexosephosphates since the cancer tissue is unable to utilise such compounds 
when added. 

The results obtained with cancer tissue indicate that the processes leading 
to the formation of lactic acid by cancer tissue are less complex than those 
in muscle. Muscle can form lactic acid not only from glucose but also from 
starch, hexosediphosphate and hexosemonophosphate, whereas cancer can 
use none of these substances except glucose as a source of lactic acid. 
Meyerhof has shown that the different stages of glycolysis in muscle are 
brought about by different enzymes. Our results indicate that cancer tissue 
contains an enzyme for glycolysing glucose but no enzymes for glycolysing 
starch and the hexosephosphates. The mechanism in cancer tissue by which 
glucose is changed to lactic acid is, according to our results, different from 
that in muscle. In the latter, glucose goes through a hexosephosphate stage 
before lactic acid is formed, whereas in cancer the evidence is against the 
intermediate formation of a hexosephosphate in the production of lactic acid 
from glucose. 
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SUMMARY. 


1. The aerobic and anaerobic glycolysis of cancer tissue is inhibited by 


pancreatic extract. 
2. Other amylase-containing extracts made from malt diastase, taka- 


diastase and salivary gland also inhibit glycolysis in cancer tissue. 
3. Cancer tissue is unable to form lactic acid from hexosediphosphate or 


hexosemonophosphate. 
4. In the soluble muscle enzyme system, the production of lactic acid 


from hexosediphosphate is inhibited by pancreatic extract, while the pro- 
duction of lactic acid from hexosemonophosphate is not inhibited by pan- 


creatic extract. 


We are indebted to the Yorkshire Cancer Research Fund for the expenses 
incurred in carrying out this work. 
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INTRODUCTION. 


THE present paper contains an account of work carried out to determine, with 
a greater degree of precision than has been hitherto possible, whether or no 
there is any change in the number of free amino- and carboxyl groups in the 
protein on denaturation. 

Let us first consider the work carried out by P. S. Lewis [1927] in this 
laboratory in which he determined the number of free carboxyl and amino- 
groups in haemoglobin before and after denaturation. His method was to add 
a known amount of standard acid or alkali to a definite volume of protein 
solution of known strength, and then to measure the py. The pq was then 
plotted against the amount of acid or alkali added, for denatured and unde- 
natured protein respectively. He found that the curves were identical, and 
so concluded that there was no change in the number of free amino- and 
carboxyl groups as a consequence of denaturation. However, in the light of 
later work by Cubin [1929], also in this laboratory, on denaturation at low 
temperatures and low py values, it appears that the concentration of acid in 
most of P. 8. Lewis’s experiments was sufficient to denature the haemoglobin 
during the time taken in carrying out the titration process itself. Thus from 
Cubin’s results of the rate of denaturation at 25°, the temperature at which 
P. 8. Lewis performed his titrations, it is found that denaturation takes place 
below py 4:0 almost instantaneously. The titration curve obtained by 
P. S. Lewis depends on eight points, three of which are above py 4 and five 
below. The titration is complete at a py, of about 2-2. Hence we must conclude 
that in his measurements the amount of acid added for complete titration 
(obtained from the more acid end of the curve) was the same because he was 
in each case dealing with denatured protein. This fact has been confirmed by 
the writer in the following way. A haemoglobin solution of the strength used 
by P. 8S. Lewis was kept at 25° in the same quantity of 0-096 N acid and for 
the same length of time as employed by him. The solution was rapidly cooled 
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to 0°. By addition of ammonia the py was adjusted to the isoelectric point 
when the protein flocculated. Hence the titration curves obtained by P. S. 
Lewis below py 4 (the most important region) were identical because he was 
in each case inadvertently titrating denatured material. 

In the case of his alkali titrations it is not possible to speak with such 
certainty. Assuming, however, that the action of alkali at a certain distance 
on one side of the neutrality point is just as great as that of acid at the same 
distance on the other side (certainly true for py values close to the neutrality 
point), we infer that over part of the titration range the material was denatured 
in both cases. It is only fair to this investigator to point out that this criticism 
of his titration conditions only becomes possible in the light of the later work 
by Cubin. 

As regards the chemical nature of denaturation several possibilities, 
plausible on general grounds, have been criticised on the score that they would 
involve a change in the number of free carboxyl and amino-groups in the 
protein molecule on denaturation. Hence it is obviously of considerable im- 
portance to attempt to determine whether this change does or does not occur. 
The only means of doing this for haemoglobin would be by working at sufficiently 
low temperatures. The lowest temperature at which it would be possible to 
work is 0°, and the writer has calculated the values of the velocity constants 
of denaturation of haemoglobin at this temperature over the significant range, 
Viz. Py < 4, assuming the critical increment 11,000 calories obtained by Cubin 
for 18° to 25° to be valid for the range 18° to 0°. It is found that the amounts 
of acid used are sufficient rapidly to denature the protein at this temperature 
during the time of the experiment. Thus at py 3-5, 5) % of the haemoglobin 
would be denatured in ten minutes, whilst at py 3-0 denaturation is practically 
instantaneous. 

It appears possible that another protein, egg-albumin, might be a more 
suitable material to use in these experiments, in view of the fact that de- 
naturation in the acid region is much less easily brought about than it is in the 
case of haemoglobin. Accordingly the writer has carried out these titrations 
using crystallised egg-albumin. The egg-albumin was prepared by the method 
of Hopkins and Pinkus as modified by Sorensen [1917]. The estimation of the 
albumin content was made by the method of Devoto as given by Hopkins 
[1900]. 


TITRATION OF EGG-ALBUMIN WITH ACID. 


The method employed in these experiments was that used by Harris [1925, 
2, 3; 1924] for the titration of various amino-acids and complex electrolytes, 
and adopted by P. 8. Lewis [1927] for haemoglobin. 

The method is to determine the py reached when a known volume of 
standard acid is added to a definite volume of protein solution of known 
strength. A series of readings is taken, corresponding to the addition of 
varying volumes of the acid. Thus a curve can be plotted of py attained against 
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volume of acid added. In a similar way a curve can be obtained of the py, 
attained by the solvent against volume of acid added. This serves as a blank 
correction curve. Subtracting the volume of acid required to bring the solvent 
to a certain p, from that required to bring both solvent and protein to this 
Py; One obtains the volume of acid combined with the protein. The curve 
obtained by plotting py against acid combined with protein at a series of py 
values is asymptotic to the py axis when sufficient acid has been added to 
complete the titration. Experiments of this nature were performed using 
undenatured and denatured egg-albumin respectively. The titration in each 
case starts from the neutrality point of water. 

All measurements were carried out in a thermostat regulated to 25°. In 
order to guard against denaturation as a result of prolonged exposure to acid, 
each point on the curve was obtained as the result of a separate experiment. 
Each result shown is the mean value of several (generally four) readings. The 
denaturation was performed by warming the solution (at py, 6-99 in order to 
prevent change of p, due to hydrolytic scissions [cf. P. 8. Lewis, 1926]) in 
a corked flask in the steam of a briskly boiling water-bath. After denaturation 
was complete the cooled flask was tilted in order to collect the moisture which 
had condensed on the sides of the vessel. 

The py was determined by the quinhydrone electrode, following the tech- 
nique of Corran and Lewis [1924], the cell employed being of the type: 

Gold foil | Solution under test saturated | Saturated KCl | Normal KCl saturated | Mercury 
with quinhydrone with calomel 

The solution used contained 1 g. of egg-albumin and 0-203 g. of ammonium 

sulphate per 100 cc. The blank solution contained 0-203 g. of ammonium 

sulphate per 100 cc. The acid used for titration was 0-0905 N sulphuric acid. 

The py readings are accurate to py, 0-01, and the titres to 0-005 cc. 

The following are the results obtained (Tables I, II, III and Fig. 1). 


Table I. Titration of 10 cc. 1°), egg-albumin with 0-0905 N 


sulphuric acid at 25°. 
Acid added to 


10 ce. solution Mean py Mean py Mean py 
ee. of blank undenatured denatured 
0-00 6-96 6-94 6-95 
0-05 4-04 —_ on 
0-10 3-41 5°68 5-69 
0-20 3-04 4-78 4-76 
0-30 2-79 4-12 4-13 
0-50 2-60 3-51 3-53 
0-75 2-42 3-08 3-10 
1-00 2-27 2-72 2-71 
1-50 2-13 2-33 2-33 


TITRATION OF EGG-ALBUMIN WITH ALKALI. 


The method employed in this section was the formaldehyde method of 
Sorensen [1907] for the titration of amino-acids. Normally the titration with 
alkali has to be carried to a very alkaline end-point in order to obtain complete 
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titration. The addition of a certain amount of formaldehyde before titration 
enhances the acidic nature of the protein, and titration is complete at a much 
lower py. Harris [1924] attributes this to the combination of the amino-acids 
with the formaldehyde to give methylene-imino-derivatives. As an alternative 
to formaldehyde a fairly concentrated solution of alcohol can be used in order 
to enhance the acidic nature of the protein. Owing to the fact that alcohol acts 


as a powerful denaturing agent this method cannot be adopted here. 


' 


Table II. Corrected titres for undenatured egg-albumin. 


Pu 
6-94 
5-68 
4-78 
4:12 
3°51 
3-08 
2-72 
2-33 


Titre (cc.) 
0-00 
0-10 
0-20 
0-30 
0-50 
0-75 
1-00 
1-50 


Blank (cc.) 


0-00 

0-008 
0-026 
0-048 
0-092 
0-183 
0-363 
0-860 


Corrected titre 


0-00 

0-092 
0-174 
0-252 
0-408 
0-567 
0-637 
0-640 


Table III. Corrected titres for denatured egg-albumin. 


Pu 
6-95 
5-69 
4-76 
4-13 
3-53 
3-10 
2-71 
2-33 


Pu 


Curve 1, titration of solvent alone. 
Curve 2, titration of undenatured and denatured albumin. 
Curve 3, corrected titre for undenatured and denatured albumin. 


Biochem. 1930 xx1v 


Titre (cc.) 
0-00 
0-10 
0-20 
0-30 
0-50 
0-75 
1-00 
1-50 


0-2 0-4 


0-6 


0-8 


Blank (cc.) 


0-00 

0-008 
0-026 
0-047 
0-090 
0-177 
0-365 
0-860 


1-0 


cc. of 0-0905 N H,SO, 
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Fig. 1. Titration of egg-albumin with acid. 


Corrected titre 





0-00 

0-092 
0-174 
0-253 
0-410 
0-573 
0-635 
0-640 
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It is known that in the presence of ammonium salts formaldehyde forms 
a mixture of methylamines, producing at the same time acids [Werner, 1917]. 
Thus with ammonium sulphate we get: 
4CH,0 + (NH,),SO, + 2CH,.NH, + 2H.COOH + H,SO, 
2CH,0 + CH,.NH, + (CH;)..NH+ H.COOH 
etc. 
Hence it is not possible accurately to perform formaldehyde titrations in the 
presence of ammonium salts. In the present case it is not feasible to dialyse 
sufficiently long to remove all the ammonium salts. Although realising that 
true titration curves cannot be obtained by this method, the writer has per- 
formed the titration experiments to see if any noticeable difference in results 
occurred when using denatured in place of undenatured albumin. 
In order to perform the titrations it is necessary to determine the pg of 
a solution containing protein, salt, and formaldehyde when varying amounts 
of alkali are added. In order to guard against denaturation by alkali a fresh 
solution was made up before each reading. The glass electrode [Kerridge, 1925] 
was employed for measuring the p,. Ife, and e, are the E.M.F. measured using 
standard solution and solution of unknown py respectively, then 


€y — Cy 


— 2.07 1 
Ig = 9'9/ + 2. 
Pu 0-58 


In general the results are accurate to 0-02—0-03 p,. The titres are accurate 
to 0-005 ce. 

By titrating against the solvent alone (i.e. water, ammonium sulphate and 
formaldehyde) a blank correction curve was obtained. Hence, by subtraction, 
the volume of alkali required to bring the protein to a definite py can be 
obtained. The results are given in Tables IV, V and VI, and the accompanying 
curves (Fig. 2) drawn from them. 


Table IV. Titration by 0-1357 N sodium hydroxide of 145 cc. of solution prepared 
from 10 ce. of 1°), egg-albumin (initial p,, 7-08), and 5 ce. of formaldehyde 
solution (initial p,, 7-07). 


Alkali added Mean py Mean py Mean py 
(ce.) of blank undenatured denatured 
0-00 4-87 4-87 4-89 
0-20 5:39 = —_ 
0-30 5°54 4-98 4:97 
0-50 5-68 5:07 5-06 
0-75 5-91 = — 
0-80 -- 5-43 5-41 
1-00 6°33 5-66 5:70 
1-50 7:49 6-14 6-13 


It will be observed that the actual py range covered in these titrations with 
alkali is 4-87 to 6-14, in spite of the fact that the separate solutions of formal- 
dehyde and protein are initially at py 7-08. The acidity produced is due to 
interaction of formaldehyde with ammonium salt as already explained. 
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Table V. Corrected titres for undenatured egg-albumin. 


Pu Titre (cc.) Blank (ce.) Corrected titre 
4-87 0-00 0-00 0-00 

4-98 0-30 0-045 0-255 
5-07 0-50 0-080 0-420 
5-43 0-80 0-230 0-570 
5-66 1-00 0-450 0-550 
6-14 1:50 0-890 0-610 


Table VI. Corrected titres for denatured egg-albumin. 


Du Titre (cc.) Blank (cc.) Corrected titre 
4-89 0-00 0-00 0-00 

4-97 0-30 0-045 0-255 
5-06 0-50 0-075 0-425 
5-41 0-80 0-220 0-580 
5-70 1:00 0-510 0-490 
6-13 1-50 0-885 0-615 


02 O04 #06 O8 1:0 
ce. of 0-1357 N NaOH 
Fig. 2. Titration of egg-albumin with alkali. 
Curve 1, titration of solvent alone. 


Curve 2, titration of undenatured and denatured albumin, 
Curve 3, corrected titre for undenatured and denatured albumin. 


DISCUSSION. 


Reviewing the above results we see that both in the case of acid and alkali 
titrations there is no appreciable difference in behaviour between undenatured 
and dénatured egg-albumin. Such small differences as are manifest are attri- 
butable to experimental error. The question naturally arises whether the 
amount of acid or alkali added for titration was sufficient to denature the 
egg-albumin. In the case of acid titrations it can be quite definitely stated that 
this was not the case. At a temperature of 25° denaturation only proceeds at 
an appreciable rate when the py of the solution is below 1-75. Thus at py 1-72, 
1-6 % is denatured in 2 hours, and at py 1-02 less than 10 % in 100 minutes. 
In the above experiments the titration curve becomes approximately asymp- 
totic to the py axis when a py of 2-75 is reached. Hence there is no chance 
of appreciable denaturation occurring during the few minutes required for 
taking the reading. 

11—2 
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In the case of titrations with alkali it is unlikely that any denaturation 
occurred as the py, only alters from 4-9 to 6-15, in which region the protein is 
stable until a temperature considerably higher than 25° is reached. However 
the system here is very complex and it is not definitely known to what extent 
formaldehyde, formic acid, and the other reaction products present may bring 
about denaturation, and consequently it is not possible to speak with the same 
certainty. 

Harris [1923, 1] states that he finds no evidence of any increase in the 
titration figure on denaturation, but gives no indication of how he arrived at 
such a’conclusion. The writer’s results agree, however, with this statement. 
More recently Hendrix and Wilson [1928] performed titration experiments on 
uncoagulated and heat-coagulated egg-albumin, and found that the uncoagu- 
lated protein combined with more acid and alkali than did the coagulated 
protein. Although their results appear to have been accurately performed it 
seems probable that their coagulated protein had been subjected to rather 
more severe treatment than simple denaturation followed by flocculation. In 
the first place they heated the protein at the isoelectric point, at which pg 
hydrolytic scissions are known to accompany the denaturation process; an 
alteration in py will be observed due to this. Secondly they heat it in steam 
for half an hour, which seems to be an unnecessarily prolonged treatment at 
& Py as low as 4-7. And thirdly they allow it to stand overnight before per- 
forming the titration experiments, thus allowing possible further decomposition 
of the protein, with a corresponding alteration in titratability. The writer 
considers these remarks to be justified by the fact that when Hendrix and 
Wilson subjected the egg-albumin to still more severe treatment, by washing 
with alcohol, drying in an oven at 60°, and pulverising, a still smaller ability 
to combine with acid and alkali was found. It is concluded that Hendrix and 
Wilson’s results do not really bear upon the problem of simple denaturation. 


The number of “free” titratable basic and acidic groups. 


By the term “free” is meant the free amino- and carboxy] groups only in 
the protein molecule. From the titration curves it is calculated, assuming the 
molecular weight of egg-albumin to be 43,000 [Marrack and Hewitt, 1929], 
that the egg-albumin molecule contains 25-3 groups titratable by acid, and 
36-5 titratable by alkali. It follows from the results of Osborne, Jones and 
Leavenworth [1909] that the following titratable amino-groups are present in 
egg-albumin: 


histidine see 11-0 x 10-> mols. 
arginine sii 28-2 x 10-° mols. / per g. albumin. 
lysine ... ~ 25:7 x 10-° mols. 


These values are calculated from the number of total nitrogen atoms, on the 
basis that one half of the total lysine-nitrogen, one third of the histidine- 
nitrogen, and one quarter of the arginine-nitrogen will be titratable. Hence 
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1 g. of egg-albumin contains 64-9 x 10-* titratable amino-groups, or 27-8 
titratable groups per molecule. This agrees reasonably well with the writer’s 
titration value of 25-3 for titration with acid. Incidentally the number obtained 
by titration is not necessarily a limiting value even for free amino-groups. 

Further, from the results of P. S. Lewis [1927] it can be calculated, assuming 
a molecular weight of 68,000 for haemoglobin [Adair, 1925], that there are 
97-6 groups titratable by acid. From results by Van Slyke [1911] on the 
amount of histidine, arginine, and lysine present it follows that we should 
expect 99-3 titratable groups to be present. Thus in the case of both proteins 
we have good agreement between the calculated and “found” number of free 
groups titratable by acid. Owing to the absence of data with regard to the 
amounts of the various dicarboxylic acids present in egg-albumin and haemo- 
globin it has not been possible to compare the number of carboxyl groups with 
the number of groups titratable by alkali or by acid, the latter being a possibility 
on the zwitterion basis. 


2°3 
2-4 


2°5 


Pu 


2°38 


3-0 








0:55 0°57 0°59 061 063 065 0-67 
ce. of 0-0905 NV H,SO, 
Fig. 3. 
Curve 1, titration of undenatured albumin. 
Curve 2, titration of denatured albumin. 
a, a, limits of error. b, 6, position of curve for one extra titratable group. 


The question now arises as to whether an increase or diminution of a very 
small number, say one, amino- or carboxyl group would be detected in the 
titration experiments in the case of egg-albumin. Let us consider the more 
accurate series of results, namely those involving titration with acid. The 
latter portion of the titration curve is plotted on the accompanying graph 
(Fig. 3) on a large scale, together with the limits of experimental error, and the 
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position of the end-point if one group more were present. From this graph it 
will be clearly seen that a change of one group titratable by acid would be 
detected by a perceptible alteration in the titration curve. Hence it can be 
definitely stated that no change in acid titratability accompanies denaturation. 


The possible interpretation of the titration values. 

Denaturation may be accompanied by a transition of the protein in part 
at least from the “ordinary” form into the zwitterion form. Such a hypothesis 
would at least be in agreement with the ease with which denatured material 
is flocculated. It is realised of course that zwitterion formation if it occurs is 
inadequate in itself to explain denaturation. Thus it does not explain the 
irreversibility of the process, and the high critical increment. 

On the basis of the zwitterion theory, titration with acid involves a forma- 
tion of un-ionised COOH groups thus: 

—COO- + H+ + —COOH. 
Thus titration with acid is titration of —COO- groups, and in a similar way 
titration with alkali is titration of charged amino-groups —NH,*+. However, 
any transition into the zwitterion form on denaturation if such occurs will not 
be revealed in the titration experiments for the following reason. 

Let us suppose for the sake of clarity that prior to denaturation all the 
amino- and carboxyl groups are present in the “ordinary” un-ionised form at 
the isoelectric point, and that we have 25 —NH, groups and 36 —COOH 
groups. Suppose that on denaturation some number not greater than 25, let 
us say arbitrarily 5 amino-groups, change over into the —NH,* form. In order 
that zwitterions may be formed this must be accompanied by a change of 
5 carboxyl groups into the form —COO-. Hence we now have 20 —NH, and 
5 —COO- groups titratable by acid. This is a total of 25 as was the case before 
denaturation, and hence we should not expect to find any difference in the 
acid titration curves before and after denaturation. In a similar way we have 
36 —COOH groups titratable by alkali before denaturation, and 31 —COOH 
plus 5 —NH,* groups titratable afterwards, so that again no difference in 
titration curves would be expected. This conclusion would hold even if the 
whole 25 NH, groups changed into the zwitterion form together, necessarily, 
with 25 COOH groups. Obviously this represents the maximum number of 
zwitterions that could possibly be formed in the case considered. Actually 
the case of titration by alkali is somewhat complicated by the presence of 
formaldehyde. The function of the formaldehyde is to combine with the basic 
group of the amino-acid (see equation (2) p. 167). 

Harris [1929] has pointed out that on the old (as opposed to the zwitterion) 
view the apparent basic dissociation constant remains unchanged on addition 
of formaldehyde, while the apparent acidic dissociation constant increases, 
and that this effect is anomalous, as combination with the basic group should 
affect the basic constant. According to the new (or zwitterion) view the 
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apparent basic constant relates in actuality to the true acidic constant, and 
vice versa. Hence addition of formaldehyde causes a diminution of the true 
basic constant and leaves the true acidic constant unchanged. Thus the effect 
of formaldehyde no longer appears anomalous, and Harris cites this as 
evidence in favour of the zwitterion theory for amino-acids. 

In the case of every amino-acid which is present to any extent in the 
zwitterion form there is an equilibrium between the absolutely un-ionised 
form and the zwitterion form: 

NH,.R.COOH = +NH,.R.COO- 
On addition of formaldehyde the —NH, group reacts with it, while the +NH, 
does not. 
NH,.R.COOH + H.CHO = CH,:N.R.COOH _.......(2). 

Thus, provided the dissociation constant of the group CH, : N— is lower than 
that of —NH,, the addition of formaldehyde will lower the true basic disso- 
ciation constant of the amino-acid. The presence of the equilibrium (2) will 
naturally decrease the amount of zwitterion present in the solution, by moving 
the equilibrium (1) from right to left. For a given amount of formaldehyde 
added there will be a certain proportion of zwitterions, un-ionised amino-acid, 
and imino-compound. Addition of NaOH to this system will cause two reactions 
to take place simultaneously: 

CH,:N.R.COOH + NaOH > CH,:N.R.COO- + Na++ H,0......(é 

+NH,.R.COO- + NaOH — NH,.R.COO- + Na+ + H,O 
The latter will of course be followed by 

NH,.R.COO-+ H.CHO— CH,:N.R.COO- + H,0 
We see that by either of the reactions (3), or (4) and (4a) (taken together), we 
arrive at the same system on addition of a certain amount of alkali. Hence 
the py attained by addition of a given amount of alkali will not be altered by 
the initial presence of a larger (or smaller) proportion of the zwitterion form. 
Hence we should not expect any difference in the alkali titration curves even 
if the denatured protein does exist in the zwitterion form to a greater extent 
than does the undenatured protein. To demonstrate the actual formation of 
zwitterions if such occurs in the act of denaturation will require a different 


type of experimental test. 


SUMMARY. 


1. It is shown that the titration experiments of P. S. Lewis with haemo- 
globin do not actually demonstrate that the titratability of undenatured and 
denatured proteins is the same, owing to the fact that the haemoglobin under- 
goes denaturation during the titration for all pg values less than 4 and greater 
than 10. The present investigation is concerned with crystallised egg-albumin 
which can be titrated in the undenatured state owing to the relative slowness of 


denaturation even at py 1, and 25°. 














168 N. BOOTH 


2. Titration experiments with acid using the quinhydrone electrode, and 
with alkali using the glass electrode, have been carried out. It is found that 
in neither case does heat denaturation affect the number of titratable groups. 
It is shown that a change of one titratable group (if such change occurred) 
would be well beyond the limits of experimental error. 

3. Using the value 43,000 obtained by Marrack and Hewitt for the mole- 
cular weight of egg-albumin, it is calculated that there are at least 25 groups 
“easily” titratable with acid and 36 similar groups titratable with alkali. The 
number of free amino-groups found by analysis is 27, which agrees with the 
writer’s acid titration values. 

4. It is shown that, if zwitterion formation does accompany denaturation, 
such a change cannot be detected by any alteration in titratability of the 
protein. 


This investigation was carried out under the direction of Prof. W. C. M. 
Lewis, F.R.S. The author wishes to acknowledge a grant made by Imperial 
Chemical Industries, Ltd. to the Department of Physical Chemistry of the 
University of Liverpool. 
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XXII. LACTIC ACID FORMATION IN 
MUSCLE EXTRACTS. 


V. ‘A COMPARISON BETWEEN SOLUBLE STARCH AND 
GLYCOGEN IN RESPECT OF LACTIC ACID FORMATION 
AND PHOSPHORIC ESTER ACCUMULATION. 


By DAVID STIVEN (Carnegie Teaching Fellow). 


From the Physiology Department, University College, Dundee, 
University of St Andrews. 


(Received November 29th, 1929.) 


IN a previous paper [Stiven, 1929] glucose and glycogen were used in investi- 
gations similar to those described in this paper. It was found in these experi- 
ments that, with the phosphate-bicarbonate extracts of cat muscle prepared 
in this laboratory, glucose differed from glycogen in showing practically no 
phosphoric ester accumulation while at the same time showing in general more 
extensive formation of lactic acid at the end of 2 hours’ incubation. The 
experiments reported in this paper have been made to compare soluble starch 
and glycogen with regard to lactic acid formation and phosphoric ester 
accumulation. 


RESULTS. 


In a previous paper [Stiven, 1928] will be found the details of the method 
of preparing the extract from perfused cat muscle and of the manner of 
incubation. The “inorganic” phosphorus, which, as estimated by the method 
of Fiske and Subbarow [1925], includes the phosphorus of phosphagen along 
with the true inorganic phosphorus, was determined at the intervals shown in 
the tables. The lactic acid was estimated by the method of Friedemann, 
Cotonio and Shaffer [1927] at the same intervals. The soluble starch used was 
supplied by British Drug Houses and yielded on hydrolysis 89 % of its weight 
of glucose. A correction was made for this in making up the stock 10 % solution 
to be added to the extract and a similar procedure was adopted with the 
glycogen. Thus the concentration of soluble starch in the extract was made 
comparable with that of the glycogen on the basis of the yield of glucose on 
hydrolysis. 

In six of the eight experiments recorded, the yields of lactic acid from 
soluble starch and glycogen respectively, at the end of 2 hours’ incubation, 
are much alike. In No. 260, starch has given rise to less lactic acid than glycogen 
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Table I. Lactic acid formation from glycogen and soluble starch 
both present to 0-5 °/,. 


(Average concentration of lactic acid at start 250 mg. per 100 cc.) 


Lactic acid formed (mg. per 100 cc.) in 





10 20 30 40 50 60 90 120 

Exp. min, min. min. min. min. min. min. min. 

258 Glycogen 68 126 178 228 275 309 342 357 
Soluble starch 59 116 154 202 250 284 — 356 

260 Glycogen 87 127 159 183 207 229 260 260 
Soluble starch 63 108 140 159 171 178 186 190 

261 Glycogen 46 101 139 154 175 192 259 301 
Soluble starch 43 72 105 136 173 199 266 302 

262 Glycogen oF 90 125 161 194 216 250 252 
Soluble starch 26 50 77 106 135 163 284 304 

263 Glycogen 36 72 107 134 150 160 189 220 
Soluble starch 18 37 60 82 103 120 168 219 

267 Glycogen 49 75 86 110 126 140 172 200 
Soluble starch 26 53 77 99 120 138 192 218 

268 Glycogen 54+ 73 88 127 143 162 195 216 
Soluble starch 34 54 82 107 131 158 188 194 

272 Glycogen 56 98 123 169 208 237 309 331 
Soluble starch 41 72 104 135 167 196 268 336 


Table II. Phosphoric ester accumulation with soluble starch and 
glycogen both present to 0-5 °/,. 
(Average concentration of “inorganic” phosphorus at start 55 mg. per 100 cc.) 


Decrease of “inorganic” phosphorus (mg. per 100 cc.) 
below initial concentration at 





cr - Ne a - ~ 

10 20 30 40 50 60 90 120 

Exp. min. min. min. min. min. min. min. min. 
258 Glycogen 16 6 8 14 27 24 7 0 
Soluble starch 6 4 4 4 4 4 4 0 
260 Glycogen 27 38 32 24 15 5 0 0 
Soluble starch ll 5 0 0 0 0 0 0 
261 Glycogen ll 20 44 46 40 31 7 0 
Soluble starch 2 4 6 8 10 10 20 16 
262 Glycogen 6 4 3 3 2 1 a 0 
Soluble starch 2 0 0 0 0 0 0 0 
263 Glycogen 5 7 9 15 18 33 28 15 
Soluble starch 0 0 0 0 0 0 0 17 
267 Glycogen 44 53 47 42 35 30 15 3 
Soluble starch 1 0 0 0 0 0 15 16 
268 Glycogen 39 41 32 24 15 7 0 0 
Soluble starch 2 0 0 0 0 6 13 4 
272 Glycogen 13 25 32 37 31 22 0 0 
Soluble starch 3 4 6 4 3 3 5 0 


but this is reversed in No. 262. By following the lactic acid production during 
the first hour, it will be seen that in every case during the first 40 to 50 minutes 
the rate of lactic acid production is less with soluble starch than with glycogen. 
This more rapid formation of lactic acid from glycogen is associated, as will 
be seen from Table II, with the more rapid formation of phosphoric ester from 
glycogen. While it is the case that starch shows ester accumulation, in this 
respect differing from glucose, yet it never shows this phenomenon to nearly 
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the same extent as glycogen nor does the point of maximum ester accumula- 
tion in the case of starch coincide as regards time with that shown by glycogen. 
In four of the cases, the ester accumulation with starch is delayed until the 
second hour. 

Meyerhof [1926] has investigated the lactic acid production from starch, 
glycogen, amylopectin, trihexosan and allied compounds and he has found that 
at the end of 90 minutes’ incubation these compounds have yielded practically 
the same amount of lactic acid. The above experiments are in agreement with 
Meyerhof’s findings as regards lactic acid production at the end of that period 
of time. Meyerhof suggests, on the basis of an idea of Pringsheim, that this 
similarity is due to the formation from each of these polysaccharides of a 
trihexosan. Lohmann [1926] has isolated a triamylose as an intermediate 
product of the action of muscle-diastase on glycogen. It does not follow, how- 
ever, that this common intermediate is formed from starch at the same rate 
as from glycogen. The lower rate of lactic acid formation from starch in the 
early period of the incubation and the less rapid phosphoric ester formation 
from starch seem to indicate that the production of intermediates suitable as 
substrates for the esterifying enzyme takes place more slowly from starch than 
from glycogen. This great rapidity of ester formation when glycogen is used 
is one of the outstanding features of this carbohydrate and serves to distinguish 
it from soluble starch and glucose, which, in the type of extract prepared in 
this laboratory, resemble glycogen as regards lactic acid production at the end 
of an incubation of 1-2 hours. 


SUMMARY. 


Details are given of the results of lactic acid production and phosphoric 
ester accumulation with glycogen and soluble starch respectively in extracts 
from the perfused skeletal muscle of eight cats. During the first 40-50 minutes 
of the incubation, the rate of lactic acid formation and the rate of phosphoric 
ester accumulation are greater with glycogen than with soluble starch. At the 
end of 2 hours, however, the lactic acid formation from soluble starch is 
practically the same as that from glycogen. 


In concluding, the author wishes to express his thanks to Prof. E. Waymouth 
Reid, F.R.S., for his assistance in perfusing the cats. 
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VI. THE INFLUENCE OF IRRADIATION ON LACTIC 
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ACCUMULATION FROM GLYCOGEN. 


By DAVID STIVEN (Carnegie Teaching Fellow). 


From the Physiology Department, University College, Dundee, 
University of St Andrews. 


(Received January 7th, 1930.) 


THE results of previous investigations on the effect of exposure of enzymes to 
ultra-violet light indicate that the effect is usually destructive. The recent 
investigations of Kumanomidoh [1928] on diastases, of Uehara [1928] on 
pepsin and of Hayashi [1928] on lipase, under the direction of Pincussen, all 
point to that conclusion. With this in mind we have investigated the effect 
of exposure of muscle extract to a quartz mercury vapour lamp. There is no 
basis for assuming that in the complex enzyme system of muscle extract the 
resistance to the destructive influence of ultra-violet light is the same for each 
individual enzyme. We hoped for that reason that by carefully controlled 
irradiation of many extracts we might obtain more knowledge about the 
relationship between phosphoric ester accumulation and lactic acid formation 
when glycogen is the substrate. The results, which were quite unexpected, are 
given in the following thirteen experiments. 


METHOD. 


The cats were killed by coal gas, thereafter perfused and the muscles 
extracted with a phosphate-bicarbonate solution exactly as described in a 
previous paper [Stiven, 1928, 1]. The extracts were concentrated to about half 
the volume by freezing out the excess of water. The whole extract was then 
centrifuged in a Sharples super-centrifuge to remove debris of muscle fibres 
and, in particular, droplets of fat. The removal of these latter is very essential 
because they adhere to the wall of the quartz tube during irradiation. On 
centrifuging, the fat droplets coalesce and can be removed by filtration through 
glass wool, although the greater portion of the fat remains behind in the bowl 
of the centrifuge. This treatment has no effect on the activity of the extract. 
At this stage, the reaction of the whole extract was adjusted to about py 7:0 
and divided into two portions. The control unirradiated sample was kept at 
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about 10° while the remainder was being irradiated. For the purpose of 
irradiating we constructed a grid of clear quartz tubing to fit in front of the 
window of the lamp box. This window has an area of 27 by 23 cm. The grid 
was built up of fifteen pieces of quartz tubing, 7-5 cm. apart, each piece 27 cm. 
long. The tubing had a 5 mm. bore and a wall 0-5 mm. thick. These parallel 
tubes were connected together by U-shaped pieces of ordinary glass tubing. 
The extract had thus to flow through the whole length of the quartz tubing, 
in all 405 cm., while exposed to the lamp. The centre of the grid was 13 cm. 
from the lamp, which is 8 inches long, taking 3-5 amps. at a burner voltage of 
150 volts. The extract was run in from a large funnel surrounded by ice and 
water and was caught on exit in an enamelled cup, immersed in ice and salt. 
There were two such receivers, used alternately, so that the flow of the extract 
was never interrupted. The minimum volume of extract that could be con- 
veniently used under these conditions was 210 cc. These precautions for cooling 
were essential because by merely keeping the extract, without addition of 
substrate, for a short time at about 37° changes quite different from those 
produced by irradiation can be brought about. The extent of the heating may 
be judged from the fact that if the temperature of the extract before it entered 
the grid was about 5°, the temperature on leaving was about 17°. As a tem- 
perature of 17° was one which we could most easily control, we decided to 
maintain this throughout the series. If the temperature showed any sign of 
rising above 17° the rate of flow was accordingly increased. The cooling in the 
receiver reduced the temperature to about 4°: hence our reason for keeping the 
unirradiated control at 10° during the period of irradiation. At the end of the 
irradiation, the py of the control was compared with that of the irradiated 
sample, but therc was never any difference. The two samples were then divided 
up as required and glycogen added to the extent of 0-5 % throughout the 
series. Details of the method of incubation are given in a previous paper 
[Stiven, 1928, 1]. It may be pointed out here that the above method is not 
the same as that employed in Pincussen’s investigations. The irradiation and 
the incubation do not proceed contemporaneously as in the method employed 
by Pincussen’s workers. 

The lactic acid was estimated by the method of Friedemann, Cotonio and 
Shaffer: the phosphagen plus true inorganic phosphorus, referred to here as 
“inorganic” phosphorus, was determined by the method of Fiske and 


Subbarow. 
RESULTS. 


In Table I lactic acid formation from 0-5 % glycogen in the control samples 
is compared with that in the corresponding irradiated sample. The experiments 
are arranged in ascending order of intensity of irradiation. By this method, 
other things being equal, the extent of the irradiation is directly proportional 
to the time and inversely proportional to the volume of extract in circulation 
through the grid. Thus irradiation of 250 cc. for 25 minutes should be equivalent 





268 


266 


267 


269 


— 
10 
Exp. min. 
Control 54 
Irradiated 69 
Control 17 
Irradiated 52 
Control 49 
Irradiated 77 
Control 66 
Irradiated 105 
Control 42 
Irradiated 77 
Control 34 
Irradiated 73 
Control 36 
Irradiated 77 
Control 26 
Irradiated 72 
Control 60 
Irradiated 127 
Control 65 
Irradiated 137 
Control 70 
Irradiated 17 
Control 55 
Irradiated 99 
Exp. 
268 Control 
Irradiated 
266 Control 
Irradiated 
267 Control 
Irradiated 
269 Control 
Irradiated 
264 Control 
Irradiated 
270 Control 
Irradiated 
263 Control 
Irradiated 
271 Control 
Irradiated 
273 Control 
Irradiated 
274 Control 
Irradiated 
275 Control 
Irradiated 
276 Control 
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Table I. 


Lactic acid formed (mg. per 100 cc.) in 





Irradiated 








20 30 40 
min. min. min, 
73 88 127 
96 109 123 
44 51 57 
64 78 89 
76 86 110 
184 198 224 
92 112 131 
169 185 200 
63 82 100 
135 162 190 
41 57 71 
80 89 98 
72 107 134 
1lé 133 147 
36 48 67 
106 117 129 
81 98 116 
217 294 343 
125 147 164 
277 357 395 
104 123 137 
34 51 82 
106 152 ~=-:186 
198 275 319 


Table IT. 


50 


min. 


143 
136 


99 
126 
246 
150 
217 
118 
219 

83 
106 
150 
157 

76 


139 


60 


min. 


162 
150 

69 
108 
140 
262 
173 
234 
138 
241 

88 
113 
160 
166 

84 
146 
165 
388 
195 
448 
150 
109 
239 
355 


90 


min. 


195 
177 
172 
298 
212 
266 
159 


277 


189 
195 

86 
164 
195 
422 
236 
448 
154 
128 
319 
364 


Decrease of “inorganic” phosphorus 
(mg. per 100 cc.) in 
abies 


120 


min. 


216 
207 
108 
129 
200 
330 
248 
291 
172 
301 

96 
130 
220 
202 

89 
168 
202 
432 
251 
448 
161 
135 
355 


370 





es ee 
10 20 30 40 50 60 90 120 
min. min. min. min. min. min. min. min. 
39 41 32 24 15 7 0 0 
35 42 36 31 25 21 11 ] 
27 26 22 17 13 8 0 0 
30 30 27 25 22 19 1 0 
44 53 48 42 36 30 16 3 
36 47 40 32 25 18 3 0 
26 52 48 38 33 25 5 0 
41 56 52 46 4] 36 25 13 
9 9 9 7 7 6 3 0 
35 43 36 29 24 18 5 0 
51 48 44 38 33 25 0 0 
51 56 53 51 48 44 25 7 
5 7 9 16 18 33 28 14 
45 54 50 45 40 36 27 19 
38 42 40 34 26 18 0 0 
28 48 48 46 41 37 8 2 
26 54 5( 45 36 27 1 0 
20 28 23 1l 3 0 0 0 
8 32 49 43 37 30 9 0 
23 27 ll 0 0 0 0 0 
33 51 51 44 37 29 5 4 
1 1 0 0 0 0 0 0 
5 13 23 33 40 32 10 0 
15 25 18 6 0 0 0 0 
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to irradiation of 210 cc. for 21 minutes. In all but two of the experiments 
250 cc. were irradiated. In these two exceptions the volume used was 210 cc., 
but for convenience of comparison the times in the tables are expressed on the 
basis of 250 cc. 

With regard to the lactic acid formation, it will be seen from Table I that 
the shortest irradiation produced a slight increase in the rate of lactic acid 
formation in the first 30 minutes of incubation. As we pass to longer irradia- 
tions the difference between the irradiated and the control samples becomes 
more pronounced, reaching its maximum when the irradiation has been 
continued for 45 to 60 minutes as in Exps. Nos. 273 and 274. In these two 
experiments the higher rate of lactic acid formation in the irradiated samples 
is maintained as long as there is glycogen present. Taking the average rate of 
lactic acid formation during the time that glycogen is present, as indicated by 
the iodine test, say during the first 50 minutes, we can see that in No. 273, 
100 ce. of the control extract have formed per minute about 2-5 mg. lactic acid 
as compared with 7-5 for the irradiated sample: in No. 274, these values are 
respectively 3-6 for the control and 8-5 for the irradiated. The total yields at 
the end of 2 hours’ incubation in the irradiated samples are double those in 
the controls. 

This falling off of the originally high rate of lactic acid formation is due to 
lack of substrate which in these irradiated samples is being used up at about 
three times the rate in the controls. Exp. No. 275, with an irradiation period 
of 90 minutes, shows a decided destruction of the enzyme activity and we have 
produced the phenomenon referred to at the beginning of the paper. 

In No. 276 which appears to have been more resistant to irradiation than 
No. 275, the slight destructive effect is somewhat overbalanced by a previously 
produced acceleration so that it resembles, at least as regards lactic acid 
formation, one of the extracts that has had a much shorter exposure. 

The results of the “inorganic” phosphorus estimations in Table IT again 
show that irradiation has had a decided effect. After the shorter irradiations, 
the extent of the phosphoric ester accumulation is as a rule increased, par- 
ticularly so if the control sample does not show much accumulation, as in Exps. 
Nos. 263 and 264. When the irradiation has been continued for 45 to 60 minutes 
the effect is now one of diminished ester accumulation, as shown in Exps. Nos. 
273 and 274; but this decrease is evidently not accompanied by any decrease of 
the lactic acid formation. On the contrary, these two cases are outstanding 
by the great increase of the rate of lactic acid formation after irradiation. 
In Exp. No. 275, which showed a decided inhibition of the lactic acid formation 
after irradiation, we find that the ester accumulation has been almost com- 
pletely inhibited. Exp. No. 276 indicates with regard to its phosphorus changes 
that slightly longer irradiation would have made it comparable to No. 275. 

A better idea of the changes is to be obtained by studying the graphs of 
Figs. 1 and 2, showing the results of Exp. No. 277, in which we first irradiated 
350 cc. for 30 minutes, removed 140 cc. and continued the irradiation of the 
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Fig. 1. Exp. No. 277. Lactic acid formation from 0-5 % glycogen. 
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4. Control. B. After short irradiation. C. After long irradiation. 


A. Control. B. After short irradiation. C. After long irradiation. 


Fig. 2. Exp. No. 277. Changes in “inorganic” phosphorus with 0-5 % glycogen. 
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remaining 210 cc. for a further 30 minutes. Whilst the short irradiation has 
produced very little effect on the “inorganic” phosphorus changes, the effect 
on the lactic acid formation is quite definite. The longer irradiation, whilst 
reducing the phosphoric ester accumulation, has produced a still more extensive 
increase in the rate of lactic acid formation. 










DIscussIoNn. 










Jacoby [1928] has noted an increase in the rate of lactic acid formation in 
hirudinised blood when irradiated during incubation. Beyond this we have 
failed to find anything in the literature similar to the results given above. One 
interesting feature of the results, in addition to the fact that irradiation can 
produce changes resulting in increases of the rate of iactic acid formation from 
glycogen, is that the highest rates of lactic acid formation are obtained when 


the extent of the ester accumulation has been reduced. The author has pointed 


out in previous papers the difficulty of arriving at any decision on the subject 
of the relationship between ester accumulation and lactic acid formation. In 
particular, it was possible by adding zymophosphate along with glycogen to 
increase the extent of the phosphoric ester accumulation, which resulted in a 
decrease of the lactic acid formation [Stiven, 1928, 2]. The results of this paper 
make the matter even more complicated because it is shown here that irre- 
spective of increase or decrease of the ester accumulation the lactic acid forma- 
tion is invariably increased by appropriate irradiation and the highest rates of 
lactic acid formation are associated with decreased ester accumulation. 

It is impossible at this stage to give any explanation of the mechanism of the 
effect of ultra-violet light on muscle extract. It must be kept in mind that if 
glucose is used in place of glycogen as the source of lactic acid, the effects are 
quite different from those described above. Further communications will be 
made on this subject. 





























SUMMARY. 


In twelve of the thirteen experiments described in this paper it has been 
found possible to increase the rate of the lactic acid formation from glycogen 
if muscle extract be irradiated before incubation. In one case the rate of lactic 
acid formation in the irradiated sample was three times that in the control. 
Irradiation leads also to alteration of the phosphoric ester accumulation. The 
shorter irradiations resulted in an increase of the extent of the ester accumula- 
tion, the longer irradiations produced a decrease. The highest rates of lactic 
acid formation coincide with a decrease of the ester accumulation. In only one 
case was the lactic acid formation decreased after long irradiation, and in this 
case the ester accumulation was almost completely inhibited. 
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INTRODUCTION. 


PREvious research on the influence of structure on enzyme reactions has 
shown that the sorbent may influence the course of such reactions in two 
ways: (1) by inactivation of the adsorbed enzyme, and (2) by the spatial 
separation of the substrate from the enzyme, in those cases in which both 
undergo adsorption [cf. Przytecki, 1929]. 

If we represent the total quantity of enzyme present in a given hetero- 
geneous system by EH, that of the adsorbed and free enzyme by £, and E, 
respectively, of active and inactivated enzyme by aF and iE respectively, 
whilst total, adsorbed, and free substrate are represented by S, s, and 59, 
then the quantity of enzyme-substrate compound formed will be some function 
of E and S in the absence of a sorbent, and of (£,, S) + (#,, S) in its presence. 
In those cases in which S = s,, the velocity of reaction in the presence of a 
sorbent will depend upun the degree of activity of E, and E,. Where aE, = aEF,, 
it was considered that the velocity of reaction in the presence of a sorbent 
not affecting the substrate would be the same as in a homogeneous system, 
whilst where FE, = 1#, and £, = ak, it would depend solely upon £,S. 

The effect of spatial separation of the enzyme from the substrate is.most 
marked in those cases in which aH, = ak,. 

Where both enzyme and substrate are adsorbed, the velocity of reaction 
is the sum of the velocities of the individual reactions taking place between 
adsorbed and unadsorbed enzyme and substrate in the various phases of the 
system. The term £,s, is in macroheterogeneous systems negligible, as a result 
of the difficulty of contact between H, and s,. This view has been confirmed 
by experiments in which the sorbent was present as a suspension (charcoal) 
or as a colloidal gel (ovalbumin), whilst experiments carried out conjointly 
with Dr J. Niedzwiecka [1928] on the influence of ovalbumin sols have indi- 
cated that the physical state of the sorbent influences the reaction between 
FE, and s,. 

The subject of this paper is the detailed examination of the influence 
exerted on the velocity of enzymic reactions by changes in the physical state 
of the sorbent. This problem is extremely interesting in view of the fact that 
a 
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within the cell, according to the recent researches of Spek [1928], the colloids 
present, which may act as adsorbents, are in a state of flux. 

On the whole, biologically important sorbents may be divided into two 
classes—dispersoid colloids, and those present at liquid-liquid interfaces, such 
as between drops of fats and plasma. Changes in the former class may consist 
in changes in the degree of dispersion, which are often associated with passage 
from sol to gel, or the reverse, and may result in diminution of the adsorbent 





surface. 
The surface tension at the boundaries colloid-solvent often changes with 


the degree of dispersion of the colloid. As the colloidal micelles increase in 
size, the concentration of physically adsorbed substances increases. In par- 
ticular, abrupt changes in systems in which membrane formation takes place, 
or in which transient surface tension changes occur, may lead to changes in 
the above relations £,/E and s,/S. 

Thus, for example, if starch solution be added to a protein solution in 
which a foam has been formed by agitation, a considerable portion of the 
starch will undergo adsorption on the protein membrane-water interfaces. 
At the moment that the foam is broken, and the protein membranes conse- 
quently disappear, the adsorbed starch should return into solution. In our 
experiments this did not, however, take place. The adsorbed starch apparently 
undergoes some physical alteration, as a result of which, after the resolution 
of the foam, it separates as a precipitate which settles at the bottom of the 
vessel; this precipitation is absent from systems which have not been shaken. 

The formation of this precipitate leads to changes in the velocity of 
reaction. The system contains finally s,, s, and s, (precipitate), an equilibrium 


1 NG 7 Sg 


probably existing, and s, does not to any considerable extent enter into com- 
bination with E, or E,. The velocity of. reaction will now consist of the 
following terms: 


Si (E282) + fo (F181) + fs (E152) + fa (E251) + fs (E150) + So (E250): 
The reaction is thus retarded to an extent commensurate an the magnitude 
of s), and relatively independent of E,/Z. 

The existence of such phenomena will be demonstrated on the system 
shaken, ovalbumin solution-starch solution, in which kinetic experiments 
show that at least 85 °% of s, does not enter into the reaction (see p. 186). 

The passage of monons (primary particles) into polyons, as well as in- 
crease in the size of monons, may lead to the occlusion of originally adsorbed 
micelles of enzyme or substrate, the quantity of micelles thus occluded being 
proportional to the ratio original quantity of monons : final quantity of 
polyons. This phenomenon may be expressed as follows: EZ, ~ E,* + E,°, and 
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8, > 8° + 8,°, the terms designated by a and f denoting respectively free and 
occluded enzyme or substrate. In those systems in which only S is occluded, 
the velocity of reaction is represented by the sum of various functions of the 
following terms: E,s,* + E,8;° + E,s, + E,s,* + E,s,° + E,s,. The values of 
the various terms containing s,° depend upon the distance between monons 
of the same micelle as well as on the dimensions of the particles of the substrate 
and the extent to which they are adsorbed. The effect of occlusion of the 
substrate upon the velocity of reaction is as a rule greater than that of 
occlusion of the enzyme, in view of the generally greater size of the particles 
of the latter, which renders their entry within the polyon difficult. An 
example of this is given by the system amylase-occluded glycogen-caseinogen, 
in which the hydrolytic action of the enzyme is completely inhibited. 

If s,° is excluded from the reaction, the equilibrium point of reversible 
reactions will be altered, whilst in the case of irreversible reactions these do 
not practically proceed to completion, as in the above-cited cases of occluded 
glycogen and amylase. The occluded substrate can take part in the reaction 
only as a result of a change in the state of dispersion of the sorbent. Occlusion 
of the enzyme, however, leads in the above case only to a retardation in the 
velocity of reaction, but not to its complete inhibition. We may similarly 
conceive that the formation of membranes may be associated with the incar- 
ceration of enzyme or substrate particles in separate cells, and with consequent 
retardation or partial inhibition of reaction. 

It is of importance that substances which normally powerfully elute sub- 
strates or enzymes from a given sorbent are unable to do so in those cases 
in which occlusion has taken place, and this appears to us to be possibly a 
very potent factor in the regulation of enzymic equilibria an vivo. 

The occlusion and consequent inactivation of enzymes or substrates de- 
pends, apart from the distance separating the monons of a given polyon, 
upon factors influencing the degree of dispersion of the sorbent. Further, 
substances provoking elution of the adsorbate before aggregation of the 
sorbent to a large extent prevent subsequent occlusion. 

An example of retardation of reaction due to occlusion of the enzyme 
alone is given by the system ovalbumin-occluded saccharase-chloroform 
(W. Giedroyé, unpublished work). In this case, as a result of the selective 
elutive effect of chloroform upon the substrate alone, the ovalbumin, on 
coagulation, contains only the ferment. 

Diminution of the degree of dispersion of the sorbent is associated with 
diminution of the Brownian motion of its particles. Since, as has been shown 
in a previous part of this series, practically no reaction can, as a result of their 
spatial separation, take place between enzyme and substrate particles ad- 
sorbed on one and the same micelle, enzyme and substrate are free to interact 
only by the collision of different micelles on which they are adsorbed, and 
the possibility of such collisions is greater the greater the degree of dispersion 
of the sorbent, and consequently, the greater the Brownian motion of its 
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micelles. This was illustrated in Part II of this series, by the system ovalbumin- 
amylase-glycogen. 

Cessation of Brownian motion may be accompanied by the arrangement 
in some definite order of the monons combining to form polyons, whereby 
structure formation commences; this may still further retard enzyme reac- 
tions, in two ways: 

(a) even stirring or shaking cannot facilitate contact of enzyme adsorbed 
on one micelle with substrate adsorbed on another; 

(6) quite apart from sorption, the velocities of diffusion of enzyme and 
substrate are diminished. 

In systems containing two liquid phases, such as oil-water, changes in the 
oil-water interface may take place with the greatest facility. This interface 
possesses surface energy, which is diminished by the presence of starch or 
glycogen, which thereby undergo adsorption on the oil surfaces. Increase in 
the dispersion of the oil will therefore lead to an increase in the proportion 
of adsorbed glycogen, with a corresponding diminution in its concentration 
in solution. The reverse does not, however, apply. Coagulation of the drops 
of oil with a consequent decrease in free surface leads not to a corresponding 
increase in concentration of dissolved polysaccharide, but to the precipitation 
of the latter. 

The above considerations show that retardation of reaction may be due 
not only to inactivation of adsorbed enzyme and to spatial separation of 
simultaneously adsorbed enzyme and substrate; a number of other possi- 
bilities may exist in which retardation is due to the physical state of the 
substrate, whilst the enzyme may remain active and unadsorbed. Thus both 
the precipitation of the substrate and its occlusion may reduce the velocity 
of reaction, as well as affect its equilibrium point. These are particular cases 
of the effect of the state ‘of the substrate on enzyme reactions; this problem 
will further be considered in the subsequent papers of this series. 


EXPERIMENTAL. 

All experiments were comparative. Sorensen’s phosphate buffers were used 
to ensure uniform py. which was 6-2 in the systems containing oil or protein 
and 6-6 in those with gelatin. Adsorption was measured at room temperature 
immediately after shaking, whilst precipitation was examined 24 hrs. after 
commencement of shaking. The kinetics of all systems was examined either 
in a thermostat at 37° + 0-5°, or at 25° + 1°. In all cases protein was removed 
before determination of glucose. 


I. THE SYSTEM OIL-STARCH-AMYLASE. 
Adsorption of starch. 30 cc. of 0-5 and 1 % solutions of starch are shaken for 
2 hrs. with, in some cases, 5 cc. of olive oil, in 100 cc. Erlenmeyer flasks, the 
contents of which are then filtered; 10 cc. of the filtrate are hydrolysed at 100° 
for 4 hrs. with 1-5 cc. of concentrated hydrochloric acid, and reducing sugars 
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determined by Bertrand’s method. The results, given in Table I, show that 
whilst in the absence of oil, 10 cc. of 1 and 0-5 % starch solutions yield 
respectively 92-5 and 52 mg. of sugar, in its presence only 68-2 and 34-2 mg. 
are obtained. It follows that 26-3 % of the starch present in 1 %, and 34-2 % 
of that in 0-5 % solutions have undergone concentration on the oil surfaces; 
increasing the time of shaking from 2 to 4 hrs. does not appear to affect the 
values obtained. At the same time, the emulsion is stabilised by the starch, 
in the: absence of which separation of the phases takes place in 30-60 mins., 
whilst in its presence the emulsion lasts over 24 hrs. As the globules of oil 
coalesce, the greater part of the adsorbed starch is precipitated, a certain 
amount remaining, however, in adsorption. The addition of propyl alcohol 
to 1-4 % or of butyl alcohol to 0-71 % leads to a considerable diminution in 
the degree of adsorption of starch, which now amounts to 11-8 and 14-7 % 
respectively (see Table 1). 


Table I. Adsorption and elution of starch on oil. 


Mg. glucose in 10 ce. of filtrate, using 30 cc. of 0-5 and 1 % starch, and 5 g. of oil. 
Each result is the mean of four determinations. 











Oil 
c a — 
No alcohol With propyl alcohol With butyl alcohol 
2 hrs. 7 4 hrs. % % % 
No oil shaking sorption shaking sorption sorption sorption 
52-0 34-2 34-2 34:3 34-0 45-9 11-8 dt-4 14-7 
(51-0-53-0)  (32-6-36-2) (32-4-36-5) (41-4-47-1) (43-3-47-8) 
92-5 68-2 26-2 —< i sa oa om ee 


(91-5-93-5)  (66-1-70-4) 


Adsorption of amylase. Parallel experiments to the above were carried out 
using 0-5 9 amylase (Merck’s) in 1 % sodium chloride solutions in place of 
starch. To 20 cc. of the filtrates after shaking, 20 cc. portions of 1 % starch 
solution were added and the flasks left at 37° for 4 hrs. after which reducing 
sugars were determined as before. The results, given in Table II, show. that 
in the presence of oil 20 cc. of filtrate produced 67-5 mg. of sugar, and in its 
absence 71 mg., a difference of 4-9°%. It follows that amylase is not to any 
great extent concentrated on the oil-water interface. 


Table II. Sorption of amylase on oil. 


Mg. glucose in 40 ce. solution, containing 20 cc. of 1 % starch, after 4 hrs. at 37°. 


No. of 
exps. Without oil With oil % sorption 
4 71-0 67-5 4-9 


(70-0-72:5) (65-5-69-3) 


Kinetics of the system oil-water-amylase. 
(a) Emulsion. A number of flasks containing 30 cc. of 0-5 % starch solu- 
tion and 10 cc. of 1-5 % amylase solution were shaken for 5 hrs. at 25°, and 
the reducing sugar content of the filtrates compared with that of a similarly 
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treated series of flasks to which 5 cc. of olive oil had been added. The results, 
given in Table III, show that in the first case 47-9 mg. of sugar were found 
in 10 ce. of the filtrate, whilst in the presence of oil 45-4 mg. were found, a 
difference of 5-2 %. 


Table III. Influence of oil on kinetics of hydrolysis of starch by amylase. 


Mg. glucose in 20 ce. of filtrate, using 0-5 % starch solution. 





No oil Oil 
ee ——_—_——_——__ . ~ 
No. of With Without Amylase added % inhi-. Amylase added % inhi- 
exps. shaking shaking before shaking bition after shaking _ bition 
4 47-9 48-0 45-4 5-2 37:8 20-1 
(47-2-48-5) (47-0-49-1) (45-2-46-6) (37-6-38-9) 


This inhibition may be due either to simultaneous adsorption of substrate 
and enzyme or to the inactivation of the latter. In the first case, substitution 
in the equation ES = E,s, + E,s, + Es, + Es, gives 

0-05 x 0-34 + 0-05 x 0-66 + 0°95 x 0:34 + 0-95 x 0-66 = 1-7 % ES, 


i.e. the maximal retardation of reaction due to simultaneous adsorption is 


1-7 %; in reality the value obtained would be even lower in view of the fact Ne 
that the system is shaken, whereby the possibility of contact occurring be- - 
tween substrate and enzyme particles in adsorption on different globules of 4 


oil is increased. The observed inhibition of reaction must therefore be due to 
inactivation of adsorbed enzyme. It is in this connection of interest that 
Truszkowski [1928] found that amylase adsorbed on lipoid surfaces is thereby 
inactivated, and, as this is the first case published of inactivation due to 
physical adsorption, it is our intention further to investigate this phenomenon. 

(b) The precipitate. The above experiments were repeated, with the 
difference that amylase was added 24 hrs. later, when a considerable portion 
of the starch had been precipitated. The results, given in Table III, show 
that in the absence of oil 47-3 mg. of sugar were formed, and in its presence 
37-8 mg., a difference of 20-2 %. This retardation is due preponderatingly to 
precipitation and consequent exclusion from reaction of starch as sy. Since 
about 30 % of the starch is, in emulsions, present at the interface, it follows 
that only 67-7 % of the adsorbed substrate undergoes precipitation. 


II. THE SYSTEM OVALBUMIN-AMYLASE-STARCH. 


Adsorption and elution of starch. To one series of flasks, containing 30 cc. 
of 0-5 % starch, 5 cc. of 8 % Merck’s ovalbumin solution are added, and to 
another 5 cc. of water; all flasks are then shaken for 2 hrs., their contents 
filtered, and the reducing sugar content of the filtrates determined after 
hydrolysis with hydrochloric acid, as before. The results, given in Table IV, 
show that, in the presence of ovalbumin, 62-7 % less starch is present in the 
filtrates than in its absence. Substantially the same results are obtained if 
the flasks are shaken 4 hrs. instead of 2. This phenomenon appears to be 
due to the adsorption of starch on the protein membranes present in the 
foam formed by shaking, and these membranes are retained by the filter- 
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paper. Starch adsorbed on dissolved protein passes together with the latter 
through the filter-paper, so that determinations made on the filtrates apply 
to both free starch and to that adsorbed on the colloidal sol. 

The addition of alcohols in the same concentrations as those used with 
the corresponding system containing olive oil similarly diminishes the amount 
of adsorption. Thus, as is shown in Table IV, the proportion of adsorbed 
starch is diminished by 67-5 % by propyl alcohol and 27-0 % by butyl alcohol. 

If the system is left for 24 hrs. after shaking, a precipitate of starch forms, 
as in the presence of oil, and the amount of this precipitate is considerably 
smaller in the presence of alcohols. No precipitate forms if the system is 
not shaken. 












Table IV. Sorption and elution of starch in shaken ovalbumin solutions. 







Mg. glucose after hydrolysis of filtrate of the system 30 cc. 0-5 % starch +5 ec. 4 % ovalbumin. 





Ovalbumin 
A 





















N Shaken 2 hrs. Shaken 4 hrs. 
NO. r ; 
of No No °%, Propyl o%, Butyl %  “ No % 
exps. ovalbumin alcohol sorption alcohol sorption alcohol sorption alcohol sorption 
4 45-2 14-7 67-5 37-3 17-5 33-0 27-0 12-5 72-2 
(44-9-45-5)  (14-4-16-0) (35-1-38-6) (31-9-35-2) (12-2-13-5) 





Adsorption of amylase. To one series of flasks containing 20 cc. of 1% 
amylase 5 cc. of 10% ovalbumin solution are added, and to another series 
5 ec. of water. All are then shaken for 2 hrs., filtered, and to 10 cc. of each 
filtrate 20 cc. of 0-5 % starch solution are added, and the amylase allowed to 
act for 4 hrs. at 37°. The results given in Table V show that about 29-6 % 
of the amylase present is adsorbed on the protein membranes. 









Table V. Sorption of amylase in shaken ovalbumin sols. 


Mg. glucose 4 hrs. after addition of 10 cc. of filtrate from 20 cc. of 1 % amylase solution and 
5 ec. of water or of 10 % ovalbumin to 20 cc. of 0-5 % starch solution. 





No. of exps. Without ovalbumin With ovalbumin % sorption 
4 42-2 29-7 29-6 
(40-8-43-4) (27-0-32-4) 











Kinetics. 






(a) In constantly shaken systems. Assuming that on the average 67 % of 
the starch and 29-6 % of the amylase are in adsorption on the protein mem- 
branes present in the foam, then, even neglecting possible retardation of 
reaction due to simultaneous adsorption of enzyme and substrate on the 
particles of the sol, Z,s, = 19-8 % ES, i.e. the retardation of reaction should 
amount to about 20%. A comparison of the reducing sugar contents of the 
filtrates of flasks shaken for 2 hrs. at 25°, and containing 30 cc. of 0-5 % starch 
solution and 10 cc. of 1% amylase solution, with the addition of 5 cc. of 
10 % ovalbumin solution or of water, indicates (see Table VI) that hydrolysis 
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is barely 3-5 % less in the presence of ovalbumin. It follows that retardation 
due to the term Es, is only 17-5 % of the theoretical maximum. In this 
case, therefore, the presence of a sorbent of both enzyme and substrate does 
not involve the absence of reaction between E, and s,. 

(6) After cessation of shaking. The preceding experiment was repeated, 
with the difference that shaking took place at 5°, after which the flasks 
were left for 2 hrs. at 25°, when the reducing sugar content of the 
filtrates was determined. These modifications should not lead to any great 
changes in the ratios E,/E and s,/S, yet, as is shown in Table VI, the per- 
centage inhibition is now 12-7 %, as compared with 3-5 % in the preceding 
experiment, i.e. the reaction between E£, and s, is inhibited to the extent of 
60-3 %. In no case was precipitation of starch observed. The retardation of 
reaction should therefore be ascribed to the absence of agitation, which in 
the previous experiment facilitated contact of enzyme and substrate particles 
adsorbed on different micelles. 


Table VI. Influence of ovalbumin on kinetics of hydrolysis of starch. 


Mg. glucose in 20 cc. of filtrates of systems containing 30 cc. of 0-5 % starch, 10 cc. of 
1 % amylase, and 5 cc. of water or of 10 % ovalbumin solution. 





Ovalbumin 
7 meas = aN 

Shaken 2 hrs., 

then left 24 hrs., 

Shaken 2 hrs. amylase added, 

% at 5°, then % and left 2 hrs. % 
No. of No Shaken inhi- left 2 hrs. inhi- at 25° inhi- 
exps. ovalbumin 2 hrs. bition at 25° bition bition 
4 43-3 41-8 3-5 37-8 12-7 21-6 50-0 
(42-8-43-6) (41-6-42-1) (35-7-38-3) (20-4-22-1) 


(c) 24 hrs. after cessation of shaking. Exp. a is repeated with the difference 
that amylase is added 24 hrs. after cessation of shaking, 7.e. after the forma- 
tion of a precipitate of starch. We see from Table VI that the reaction is 
now inhibited to an extent of 50-54 %. Since 55-60 % of the starch has been 
precipitated, 10 % of this must have entered into reaction. 


Table VII. Kinetics of enzymic hydrolysis in the presence of ovalbumin 
at different degrees of coagulation. 


Duration of heating 
of ovalbumin 


secs. Mg. glucose % inhibition 
0 39-0 (37-9-40-1) 0 
15 37-8 (35-6-39-2) 31 
60 34-0 (32-8-35-0) 12-9 
90 32-2 (30-7-33-1) 17-4 
300 30-9 (30-1-32-0) 20-7 


(d) The same system containing ovalbumin in various stages of coagulation. 
A number of flasks containing 20 cc. of 1 % ovalbumin solution were heated 
with constant shaking for 0, 15, 30, 60 and 90 secs., and 5 mins. in a water-bath 
at 100°. The flasks were then cooled and to each 15 cc. of 1 % starch solution 
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and 10 cc. of 1 % amylase solution were added. The flasks were then shaken 
for 2 hrs. and left at 25° for 3 hrs., after which the volume of solution was 
in all cases made up to 50 cc., and the reducing sugar content determined. 
The results, given in Table VII, indicate that inhibition of reaction between 
E, and s, rises from 0 in the presence of unheated protein to 100 % where 
the latter had been heated 5 mins. 


III. Tur systEM CASEINOGEN-GLYCOGEN-AMYLASE. 


10 ce. of 2 % glycogen were added to 100 cc. of milk, the whole was shaken 
for 2 hrs., after which hydrochloric or acetic acid was added to py 3-0-4-2, 
and the solution left for 6 hrs. for precipitation of caseinogen, after which 
N sodium hydroxide solution was added to py 5-0-5-2. A second series of 
flasks was submitted to the same operations, with the difference that the 
10 cc. of glycogen solution were added after alkalisation. All flasks were now 
shaken for 2 hrs., after which 25 cc. of 1 % malt amylase solution were added, 
and the flasks left at 25°. After 7, 30 and 90 days glycogen was determined 
in the whole solution, in the filtrate and in the residues. 

The results, given in Table VIII, show that not even a trace of glycogen 
was present in any of the filtrates, and glycogen was also absent from the 
residues of those flasks to which it had been added after precipitation of 
caseinogen, as a result of the reaction s, — s,, and of the interaction of s, 


with E, and of s, with E. 


Table VIII. Inhibition of glycogenolysis due to occlusion. 


Each result is the mean of four experiments. 
Mg. glycogen found in the systems 
A 

















Curdled milk to which Glycogen and amylase added to milk which is then curdled 
glycogen and amylase cr Se ~ 
were added Alcohol added Alcohol added 
—__* Without after curdling before curdling 
Noalecohol 2% alcohol of milk - of milk 
poets, “SR - A ; A | : , 
Whole alcohol Whole Fil- Whole Fil- Whole Fil- 
system Ppt. ppt. system Ppt. trate system Ppt. trate system Ppt. trate 
200-0 176-8 69-4 202-1 179-6 23-0 201:7 1740 23-2 201:(0 846 118-2 
39-7 36-1 23:8 143-5 141-0 3-0 140-9 138-7 0 70-7 63-7 0-7 
0 0 0 138-1 137-4 0 137-0 136-8 0 62-2 61-2 0 
0 0 0 137-2. 137-1 0 136-8 136-3 0 62-4 60-2 0 


In those flasks to which glycogen had been added before precipitation, 
on the other hand, it was present in the residue in all cases, and to an equal 
extent after 90 days as after 30 days. 

In one experiment, for example, 89-4 % of the glycogen present was 
adsorbed on the caseinogen. After the action of amylase, 68 % of the glycogen 
remained unhydrolysed, whence it follows that 76:3°% of the adsorbed 
glycogen was protected from hydrolysis by occlusion. 

Action of alcohols on the above system. Repetition of the above experiments, 
with the addition of propyl alcohol to 2 % before addition of amylase, shows 
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that where glycogen is added after precipitation of caseinogen considerable 
elution takes place, whilst this is almost entirely absent from those systems 
to which glycogen had been added before precipitation, and similarly, the 
velocity of hydrolysis of glycogen is accelerated in the former case by the 
addition of propyl alcohol but not at all in the latter case. 

Entirely different results are obtained if the propyl alcohol be added at 
the same time as the glycogen. In this case, the proportion of occluded 
glycogen is greatly diminished, so that after 60 days we find 62-4 mg. per 
100 ce. instead of 137-1 mg. as in the preceding experiment. 


IV. THE SYSTEM GELATIN-AMYLASE-STARCH. 

To a number of flasks containing 10 cc. of 0, 0-9, 2-1, and 3-9 % gelatin, 
10 cc. of 0-6 % starch and 10 ce. of 0-9 % amylase were added, and the flasks 
left for 5 ies, a 37° and at 25°, after which reducing sugar was determined. 
The results, given in Table IX, show oe 0-3 % gelatin ret i reaction by 
9-3. % at 37° and by 9-9 % at 24°, 0-7 % gelatin by 17-5 % at 37° and by 
21-2 % at od whilst 1-3 % gelatin sees a retardation of 41 % at 37° 
and of 56-7 % at 24°. The. inhibitive action of gelatin thus increases with 
concentration and with temperature, the relative effect of the latter factor 
being greater at higher than at lower concentrations of gelatin. The percentage 
inhibition due to a temperature difference of 13° is 6-5 °% with 0-3 % gelatin, 

21 % with 0-7 % gelatin, and 38 % with 1-3 % gelatin. 


Table IX. Kinetics of enzymic hydrolysis of starch in presence of gelatin. 





Percentage 
excess of 
Mg. glucose in 20 ce. of solution after 2 hrs. inhibition 
Cone. of : . a _ at 25° 
No. of gelatin % % over that 
exps. % at 37 inhibition at 25° inhibition at 37° 
4 0 37-8 (37-6-38-0) 0 28-3 (28-0-28-7) 0 ole 
4 0-3 34-3 (34-0-34-6) 9-3 25-5 (25-2-25-8) 9-9 6-5 
4 0-7 31-2 (30-9-31-5) 17-5 22-3 (220-226) 21-2 21-5 
4 1-3 22-3 (22-0-22-6) 41-0 12-3 (12-1-12-7) 56-7 38-0 


SuMMARY. 

1. An examinatioh of the system oil-starch-amylase yielded the following 
results. 

Starch undergoes adsorption at the water-oil interface to an extent of 
26-3 % from 1%, and 34-2 % from 0-5 % solutions, in the presence of 5 g. 
of oil. 

The presence of 1-4 % propyl alcohol, or of 0-71 % butyl alcohol, reduces 
adsorption to about one-half. 

About 68% of the adsorbed starch is deposited as a precipitate from 
emulsions of oil in starch solution on the resolution of the emulsion. 

The adsorption of amylase on oil is very small, not exceeding 5 °4 under 
the experimental conditions. 
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The adsorbed amylase appears thereby to be inactivated and the pre- 
cipitated starch does not react with amylase. 

2. An examination of the system soluble ovalbumin-starch-amylase leads 
to the following conclusions. 

Starch undergoes adsorption to about 63 °%% on the protein membranes 
present in the foam formed when ovalbumin solutions are shaken. 

The addition of alcohols as in (1) leads to elution of starch. 

‘A portion of the adsorbed starch is deposited as a precipitate on the 
resolution of the foam. 

Amylase is adsorbed on the protein membranes to an extent of about 
30 % under the experimental conditions. 

In systems containing ovalbumin, starch, and amylase, the velocity of 
hydrolysis is only 3-5 % less than in the absence of protein if the system is 
constantly shaken; without shaking, retardation amounts to 12-7 %, whilst 
when amylase is added 24 hrs. after shaking it amounts to 52 %. 

The degree of inhibition due to ovalbumin is proportional to the extent 
to which it is coagulated. 

3. The system caseinogen-glycogen-amylase has been studied, with the 
following results. 

When caseinogen is coagulated in the presence of glycogen, the latter is 
occluded within the precipitate, and is thereby protected from the action of 
amylase in the medium, only 24 % of the adsorbed glycogen being hydrolysed. 

The occluded glycogen is not eluted by alcohols. 

4. A study of the system gelatin-starch-amylase shows that the inhibitive 
effect on the hydrolysis of starch due to the presence of gelatin increases with 
concentration of the latter, and is greater at 25° than at 37°. 
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Daxtn [1904, 1905] first showed that lipases do not hydrolyse the two com- 
ponents of a racemic mixture with equal velocity. He found that liver esterase 
hydrolysed d-ethyl mandelate preferentially when allowed to act on the 
racemic mixture. Little further work was carried out on the subject until 
Willstatter and Memmen [1924] and Willstaétter, Haurowitz and Memmen 
[1924] performed the corresponding experiments with pancreatic and gastric 


lipase. All these observations were confined to the behaviour of the enzyme 
to the racemic mixture. Rona and Ammon [1927] first investigated the 
behaviour of the enzyme to the pure optically active forms, and found that 
liver esterase actually hydrolysed the pure laevo-form with greater velocity 
than the dextro-form, although selecting the latter from a solution of the 
mixture. The explanation of this phenomenon was given by Willstiatter, Kiihn 
and Bamann [1928]. It was shown that the results were quite consonant 
with the theory of Michaelis and Menten [1913]. Briefly, the course of 
hydrolysis depends on the characteristic constants of the two stages of the 
reaction, which may be represented: 

Enzyme + Substrate — Enzyme-substrate-complex (1) 
and Enzyme-substrate-complex —= Enzyme + Products (II). 
All the results may be explained on the single assumption that these constants 
may be different for the two optical isomers. 

In the case of a single substrate, if the substrate concentration is sufficient 
to saturate the enzyme, the velocity, which is proportional to the concen- 
tration of enzyme-substrate-complex, is determined solely by the second 
constant, but if the enzyme is partitioned between two substrates, the relative 
velocities of hydrolysis are principally determined by the constants of the 
first equation, since these determine the relative concentration of the two 
enzyme-substrate-complexes. Such is the case of a racemic mixture. Mathe- 
matically the conditions may be expressed as follows. If K,, K, be the 
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constants of equation (I) (affinity constants or Michaelis constants), kp, k, 
the constants of equation (II), cp, c,, the concentrations of the two enzyme- 
substrate-complexes, vp, v, the velocities of hydrolysis, A the initial amount 
of each substrate, 7 and x the amounts hydrolysed at any time, and « the 
enzyme concentration, then 


vw __kocp _kyKi ¢(A-y)_ pp A-y > kp Ky 
a ha Ge aie aoe? OO EC , 
dy;dx __ yr A-y 


_ dy _ dz 
But Up = 4, and v, = G, 80 that 7/5, = K.4-): 


. [ay _xrf[ & > InA-In(A -y) 
r atg7* |aae* 8 paca 


Weber and Ammon [1929] were able to show that the value of K obtained 
from observations on the racemate was equal to that obtained by multiplying 
the values of the constants measured separately, thus proving the correctness 
of the explanation. 

It is obvious that experiments on the racemate alone will not give any 
information on the values of either the affinity constant or the breakdown 
constant of either form, but only a figure derived from all four. Thus many 
recorded observations of the “total specificity” of a particular lipase towards 
a racemic substrate are of little use for presenting a simple comparison 
between a series of related compounds. 

It is now recognised however that enzymes are capable of forming re- 
versible compounds of the Michaelis type with other substances than their 
substrates, certainly with the products of the reaction and probably with 
certain other types of quite unrelated compounds. In a system consisting of 
the enzyme, substrate and a third substance, the extent of formation of these 
compounds can be easily measured by observing the extent to which the 
hydrolysis is inhibited, hence the affinity of the enzyme for the substance 
can be readily measured. If the enzyme-inhibitor-complex is a compound of 
the Michaelis type, the two isomers of an optically active substance should 
show a difference in affinity comparable with the difference between the 
isomers of a substrate. 

One of us [Murray, 1929] has already shown that secondary alcohols such 
as phenylmethylearbinol inhibit lipase hydrolysis in this way. Such com- 
pounds possess the necessary asymmetry, and can be obtained in optically 
active forms. The three alcohols selected for the first investigation all had a 
methyl group attached to the carbinol on one side, the other group being in 
one case aliphatic, viz. n-hexyl, in one case aromatic, viz. phenyl, and in the 
third case mixed, viz. B-phenylethyl. 


EXPERIMENTAL METHOD, 


The choice of method lay between the gasometric and the direct titra- 
tional. The strict constancy of py gives to the former method a greater 
accuracy, but experiment showed that for the purpose sufficient accuracy 
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was obtained by the method of direct titration in a buffer-free fluid [ef. 
Bamann, 1929; Bamann and Schmeller, 1929]. 

The experiments were performed in test-tubes with a total initial volume 
of 8cc. The tubes contained 3 drops of a suitable indicator (bromothymol 
blue) and whenever the solution became acid to the indicator it was brought 
back by a drop of N/100 NaOH added from a micro-burette which delivered 
about 40 drops per cc. The error of dilution during titration was found to 
be negligible. The maximum velocity of hydrolysis was regulated by the 
amount of enzyme added so that about 30 drops of NaOH solution were 
required during a half-hour period. All titrations were made at room tem- 
perature, and the velocities in a given series were always comparative to one 
or more control tubes (no inhibitor) in the same series. Usually 10 or 12 tubes 
were examined together for 30 minutes. 


Preparation of material. 


Preparation of enzyme. The enzyme extracts were made from preparations 
of liver, dried by acetone alone, or acetone and ether. The extracting agent 
was dilute ammonia. N/40 was suitable for sheep-liver extraction, but for 
rabbit-liver N/10 was found to be better. After standing for 3 to 4 hours 
with occasional shaking at about 20°, the residue was centrifuged off, and the 
solution acidified with acetic acid to precipitate the inactive proteins. The 
enzyme remained in solution after centrifuging, and, when neutralised with 


ammonia, was kept in this solution for use. One gram of dried sheep liver 
extracted with 30 cc. ammonia gives a very active preparation of enzyme, 
of which 1/20 ce. is sufficient for each tube in this method. Rabbit-liver 
preparations are less active and contain more buffering matter, largely phos- 
phate, which renders the colour change less easy to follow. A preliminary 
extraction of the powder with distilled water removes much of this. It has 
been shown by Willstitter, Bamann and Waldschmidt-Graser [1927] and 
Rona and Itelsohn-Schechter [1928] that the degree of purification does not 
affect the stereochemical specificity, so that the above type of preparation is 
quite suitable. 

Preparation of the optically active alcohols. The alcohols were resolved by 
the method of Pickard and Kenyon [1911]. The method consists of converting 
them into acid phthalates which are then crystallised with an optically active 
base. We should like to express our indebtedness to Dr Kenyon who per- 
sonally gave us the samples of the two forms of methylphenylcarbinol and 
methyl-8-phenylethylearbinol. 


Choice of substrate and optimal conditions. 


Ethyl butyrate proved to be the most suitable substrate. The maximum 
velocity of hydrolysis with this substrate and sheep-liver esterase is reached 
at a concentration of about 0-005. With ethyl propionate and this enzyme 
the maximum velocity is much smaller and is not reached until the concen- 
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tration is twice as great. Ethyl acetate is very slowly hydrolysed and the 
maximum is not reached at a concentration of ten times this figure, indicating 
a much lower affinity between the enzyme and the shorter chain fatty acid 
esters (Michaelis constant much larger). It is interesting to note that the 
value of the Michaelis constant is determined far more by the nature of the 
acid constituent than by the alcohol—thus n-butyl acetate was found to 
behave very similarly to ethyl acetate. 

‘When the concentration necessary for maximum velocity is exceeded, the 
velocity falls again. Probably an excess of substrate favours the formation of 
a slowly hydrolysable complex with the enzyme. The curve relating velocity 
to substrate concentration is shown in Fig. 1, which also shows the effect of 
a small quantity of inhibitor on the concentration for maximum velocity. 
The competition of the inhibitor with the substrate for the active enzyme 
surface delays the inhibitory power of excess substrate. 
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Fig. 1. Effect of 0:00079 M methyl-n-hexylcarbinol on optimal substrate concentration. 


Ordinates represent equivalents x 10—* acid liberated in 10 min. 


In all experiments the substrate concentration was that at which the 
maximum velocity is obtained in the absence of inhibitor. The degree of 
inhibition is indicated by the vertical drop to the lower curve in Fig. 1. 

All the experiments unless otherwise stated were carried out at py about 
7-0, the indicator used being bromothymol blue. 


Experiments with methyl-n-hexylearbinol. 


The stock solutions of ethyl butyrate and ethyl propionate contained 
8 g. per litre, so that when 1 cc. was present in the 8 cc. total fluid the con- 
centration was 1 mg. per cc. For ethyl butyrate, 0-6 cc. was used in each 
tube, and for ethyl propionate, 1-2 cc., when working with sheep-liver enzyme. 

Stock suspensions of the three forms of the sparingly soluble methyl-n- 
hexylearbinol contained 0-2 cc. (0-165 g.) in 100 ce. Varying amounts of this 
were added to the substrate and made up to volume, the py being adjusted 
if necessary. The final concentrations of inhibitor were low enough to give 
complete solution. Enzyme was added to all the tubes and readings com- 
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menced. A typical result is given in the accompanying table, and the com- 
plete results are conveyed by Fig. 2, which shows the inhibition of the hydro- 
lysis of ethyl butyrate, and Fig. 3, which gives the corresponding curves for 
ethyl propionate. The inhibition of the latter is much greater, corresponding 
with the fact that it has a much lower affinity for the enzyme. 


Experiment. Inhibition of hydrolysis of ethyl butyrate by the three forms of methyl-n- 


hexylearbinol. 0-6 cc. ethyl butyrate in all tubes. 


Fig. 2. 





Percentage inhibition 


aa 
jM 


“00157 M 


Concentration of inhibitor 





Dextro- Laevo- Racemic 
Ce. suspension — A == A a A a 
carbinol 0-0 0-15 03 06 0-9 1-2 0-0 01503 06 0-9 1-2 0-0 01503 0-6 0-9 12 
Drops V/100 NaOH 12 10 5 64 3: ¢ 32 2 1 1 ll 6 42 24 
in 10 min. intervals 12 9 5 25 42 1 1 11 1 &$ 38 fee 
12 10 6 5 11 6 4 2 2 1 11 6 5 se 23s 
Percentage inhibition 19 57 64 54 68 83 89 91 42 58 76 82 8 


Hydrolysis of ethyl butyrate inhibited by methyl-n-hexylcarbinol (concentration 
of substrate =0-00517 UM). 


Percentage inhibition 


-00079.M 


“00157M 


Concentration of inhibitor 





Fig. 3. Hydrolysis of ethyl propionate inhibited by methyl-n-hexylcarbinol (concentration 
of substrate =0-01176 U/). 


The racemic inhibitor behaves as would be theoretically expected for a 
mixture of two inhibitors, namely, the concentration required to give 50 % | 


inhibition (equal partition of the enzyme) is given by 2/C = 1/C, + 1/C,, 


where C,, and C, are the concentrations of the optically active forms similarly 


required. 
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Experiments with methylphenyl- and methyl-B-phenylethyl-carbinols. 


Figs. 4 and 5 show the inhibitions given by the two optically active forms 
of methylphenylearbinol and methyl-8-phenylethylcarbinol respectively. It 
will be seen that the general phenomenon of difference between the two forms 
of the alcohol occurs again, and to a similar extent; that is to say, the laevo- 
form inhibits from four to five times more powerfully than the dextro-form. 
The molar concentrations of these alcohols required to give the same degree 








ma. 

y 12 of inhibition as was given by the aliphatic alcohol, methyl-n-hexylcarbinol, 
; differ considerably, the requisite concentration of methylphenylcarbinol 
: being nine to ten times, and that of methyl-8-phenylethylcarbinol about four 

* times greater. 
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Fig. 4. Hydrolysis of ethyl butyrate inhibited by methylphenylcarbinol. 
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Fig. 5. Hydrolysis of ethyl butyrate inhibited by methyl-8-phenylethylcarbinol. 

i . ° . 
Experiments with esters of methyl-n-hexylearbinol. 
} ; P : 
| The acid phthalates of methyl-n-hexylcarbinol were prepared as inter- 


mediates in the resolution of the alcohol, and as they were found not to be 
hydrolysed by the enzyme, their inhibitory properties were tested. The sur- 
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prising result was obtained that the dextro-form inhibited more than the 
laevo-form as the following table shows: 

Molar concentration of inhibitor 
On — enc. 
0-0001 0-0002 0-00045 0-0009 0-0018 


Percentage inhibition by dextro-form 16 33 49 60 75 
Percentage inhibition by laevo-form 13 27 40 51 64 


The difference is not so great as with the alcohols, but is well marked. No 
explanation of this phenomenon is suggested at the present time. 

In view of this unexpected phenomenon, the acetates of the three forms 
were studied. Like the phthalates, they were not hydrolysed by the enzyme. 
The dextro-acetate was given to us by Dr Kenyon, the laevo- and racemic 
forms were prepared by ourselves. In this case the result was that all three 
forms gave nearly the same curve (Fig. 6). This curve differs however from 
all the others investigated in that it becomes flat at about 70 % inhibition, 
instead of continuing toward total inhibition. It is possible that this is due 
to the limit of solubility of the substances, but this view is rendered unlikely 
by an experiment in which ethyl propionate was used as the substrate. The 
curve of inhibition is again much steeper with this substrate, and flattens at 
about 85% inhibition, but at a concentration where the curve for ethyl 
butyrate is still rising. 
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Fig. 6. Hydrolysis of ethyl butyrate inhibited by 8-octyl acetate. 


Comparison of sheep-liver and rabbit-liver esterases. 

When rabbit-liver esterase is used in a similar manner to that described 
with sheep-liver esterase, the optimum concentration of substrate is higher 
[cf. Bamann and Schmeller, 1929] being about 1-5 mg. ethyl butyrate instead 
of 0-6, and the Michaelis constant is correspondingly larger. The inhibitory 
power of the two isomers of methyl-n-hexylcarbinol was found to be very 
nearly the same for both forms, the laevo-form inhibiting perhaps slightly 
more than the dextro-form. This was somewhat unexpected since Bamann 
[1929] found the enzyme to differentiate quite markedly between the two 
forms of ethyl mandelate, but the Michaelis constant was only determined 
for one form. 
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DISCUSSION. 


The fact that the two optical isomers differ in the extent to which they 
inhibit hydrolysis tends to dispose of the objection that the inhibition is 
merely physical in nature. The similarity of the relation between the forms 
of the three alcohols further points to a chemical basis for the phenomenon. 
An asymmetry of the combining group of the enzyme itself probably raises 
the affinity for one configurational series and lowers it for the antipodal 
series. It may prove possible to relate this selectivity with that observed in 
the esters of the hydroxy-acid series. Of the esters, either ethyl or methyl, 
of mandelic acid, sheep-liver esterase has the greater affinity for the dextro- 
form. It is known, however [Freudenberg, Brauns and Siegel, 1923], that 
dextro-mandelic acid is configurationally related to the laevo-series, so that 
the same grouping in the enzyme structure may be the deciding factor of 
both phenomena. 

Although the combination almost certainly occurs at the polar carbinol 
group, the remainder of the molecule plays an important part in the process, 
and appears to determine the measure of the affinity. The length of the 
non-polar hydrocarbon chain is an important factor, thus the phenyl group is 
very weak in comparison with the aliphatic six carbon chain, while the intro- 
duction of two —CH,— groups, between the phenyl and the polar group 
greatly increases the affinity. Preliminary experiments (not recorded in the 
text) show that one —CH,— group, as in methylbenzylearbinol, is as effective 


as two, while ethyl-n-hexylcearbinol appears to be more active than the methyl 
compound. Further work will be carried out on the effect of substituted and 


non-substituted hydrocarbon chains of varying length. 


SuMMARY. 

1. The relative affinities of pairs of optically active secondary alcohols 
for liver esterases have been studied by observing the extent to which their 
presence inhibits the hydrolysis of ethyl butyrate or ethyl propionate.’ 

2. The laevo-forms of methyl-n-hexylearbinol, methylphenylearbinol and 
methyl-8-phenylethylearbinol inhibit sheep-liver esterase about four to five 
times more strongly than the dextro-forms, showing that their affinity is 
much greater. 

3. With rabbit-liver esterase the inhibition caused by both dextro- and 
laevo-alcohols is practically the same, showing that any difference of affinity 
is very small. 

4. The anomalous behaviour of esters of the alcohols is described. 

5. The theoretical implications of the phenomena are discussed. 


Our thanks are due to Dr J. Kenyon of Battersea Polytechnic, for 
supplying the compounds mentioned and some others. It is a pleasure to 
acknowledge the constant interest of Sir F. G. Hopkins and Mr J. B. S. 


Haldane in this investigation. 
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SINCE carrying out this work we have noted that Colonel McCarrison in 1924 
published in the British Medical Journal his results on the effect of “artificial” 
and also cattle manure on the nutritional value of certain grasses. We have 
also found that G. H. Hunt at Ohio Agricultural Experiment Station in 
December 1927 performed certain experiments on the effect of what we now 
call artificial manures on certain wheat plots. We were unaware of this work 
until a few weeks ago, but we note that our work confirms McCarrison’s. 

This research was undertaken because one of us (M.J.R.) had noticed 
that pigs which were fed on home grown and home ground barley and wheat 
always did much better than those pigs which were fed on purchased barley 
and wheat, and that certain cattle did better on certain fields. It was decided 
to find out whether this was due to the lack of lime or of other mineral con- 
stituents of the land. The results of this investigation were not satisfactory. 
It was then decided to try the effect of artificial manure versus dung. In this 
experiment pigs’ excreta mixed with straw were used. These pigs were fed on 
a diet consisting of 10 % of a proprietary product (containing meat meal, rye 
and wheat embryo which is high in its vitamin B content, bone meal and 
cod-liver oil), 40 °% of barley meal, and 50 % of middlings. 

Two areas of land were pegged out in the same field, on the same side so 
that both had the same amount of sunlight. The drainage was equal from 
both areas. This field had previously been an arable one and had grown 
cabbages in the fifth year before this experiment was carried out, and in the 
fourth, potatoes. It was then ploughed up and sown with seeds which were 
made up to contain a small quantity of the different clovers. These seeds 
were sown with a nurse crop of wheat in 1927, the wheat having been sown 
in the previous year, 1926. In 1927 the seeds were cut at the time when the 
wheat was reaped. The field was lightly fed in the autumn of 1927. In 1928 
it was cut for hay and grass. In the autumn of 1928 one portion of the land 
was dunged at the rate of 20 loads of dung to the acre, which is the usual 
dressing used by the farmer. The other portion was manured with artificial 
manure, 20 cwt. basic slag plus 3 cwt. kainite to the acre, and in the spring 
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of 1929, 1 ewt. of sulphate of ammonia was applied as a top dressing. In 
July 1929, these areas were cut by hand and were gathered as soon as dried 
and placed in separate barns. There was undoubtedly a bigger growth in the 
dunged area, but not so weighty as that in the artificially manured area. 
There was more clover in the artificially manured patch. This is what would 
be expected as the result of manuring with the basic slag. The analysis of 
the grass seeds showed little difference: 

Protein Moisture Fibre Ash Phosphorus 


f of o/ o/ 
oO /O /O /0 


58 19-4 9-0 0-44 


“Dung” grass seed 
21-6 10-5 0-33 


“ Artificial” grass seed : 6-0 


Dung”seeds 


oe 


of 


<—25 


<— 25% “Dung” seed 


Body weight g. 


on 
» 
<= 
a 
on 
o 
& 
3 
a 
ord 
co 
* 
ea) 


10 20 30 
Days Days 
Fig. 1. Rat nw (3). Fig. 2. Rat nw (3). 

It was evident that grass seeds with such a large fibre percentage were 
not an ideal diet for the rat, but we decided to test their vitamin B content. 

The University College vitamin B deficiency diet of Prof. Drummond was 
used—rice starch, caseinogen, salt mixture and cod-liver oil. To this were 
added varying percentages of the grass seeds. Two groups of experiments 
were carried out, preventive and curative. 

In the preventive test, the rats were divided into two lots; one lot was 
put on deficiency diet to which was added 20 % of the “dung” seed, the other 
on deficiency diet with 20°, of the “artificial” seed. After 21 days the 
percentage of seeds was increased to 25 for a further 11 days. The rats on 
seed showed good growth or a slightly’ subnormal growth. 


the “dung” 
“ artificial” 


Figs. 1 and 2 are examples of these two types. The rats on the 
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seeds all grew very poorly, not one giving normal growth. Figs. 3 and 4 
illustrate two of these rats. The average growths of the two sets of rats are 
shown in Fig. 5, the continuous line representing the “dung” seed rats, the 
broken line the “artificial” seed ones. It can be seen that the former have 
gained nearly twice as much as the latter, 45 as against 23. The rats on the 
“artificial” seed were in a poor condition; in some the hair was falling out. 
In the curative test rats were put on a vitamin B deficiency diet for 
18 days, when all were losing weight. Half of them then had 25 % of “dung” 
seeds added to their diet and immediately resumed a normal growth curve 
(Figs. 6, 7, 7 a). The other half had 25 % of “artificial” seeds added to their 
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Fig. 7. Rat Bw (3). Fig. 7a. Rat Br (3). 


diet. Their condition did not improve but got steadily worse, so that after 
3 days it appeared that some of the animals would not live more than a few 
hours. Their condition was one of typical vitamin B deficiency; they were 
wasted, hunched and shedding hair. At the suggestion of Prof. Drummond 
who saw the animals at this time the diet was changed from “artificial” to 
“dung” seeds. The immediate result was that the rats rapidly recovered, and 
now showed a normal growth curve (Figs. 8, 9, 9 a). 

It would seem that a plant may absorb vitamin B from the land, and that 
the vitamin B content of any food may be dependent upon the amount of 
this vitamin in the land. Possibly the view that vitamin B is manufactured 
entirely in the plant and stored in the embryo is incorrect, and our suggestion 
would account for the variations in the results of tests carried out by different 
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workers. One worker states that in his experimental work a certain food 
contains vitamin B; another worker using the same type of food differs 
entirely in his findings, and we consider that the food that is being tested is 
not the only point which is of importance. If these results are correct, they 
have a considerable bearing upon agriculture and nutrition. 

Further research along these lines is being carried out and the faeces of 
pigs fed on the above experimental diet are being tested for the presence of 


vitamin B. 


(Note added January 27th, 1930.) Since sending this paper for publication, 
dung from pigs has been tested for its vitamin B content. The pigs were 
fed on the diet described at the beginning of the paper. An extract was 
made from the dung with slightly acidified 50% alcohol. This was con- 
centrated by distilling in vacuo, and the concentrate fed to rats that were 
losing weight on vitamin B deficiency diet. Good growth was promptly begun, 
showing that there is a considerable quantity of vitamin B in the dung. 
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A.rnouaGH the greater part of the sulphur present in wool-keratin can be 
accounted for as cystine [see Rimington, 1929], the actual state of combina- 
tion of this amino-acid is still a matter of considerable uncertainty. Thus, if 
cystine were in simple polypeptide linkage in the protein, it would be expected 
that suitable treatment of the wool fibre would reveal the presence of free 
disulphide (—S.S—) or sulphydryl (—SH) groups. That this expectation is 
not realised will be clear from the experiments recorded here. It seems 
necessary to conclude that the cystine-sulphur groups in wool are involved 
in some complex ring system or otherwise obscured so that they cannot react 












as does free cystine. 







EXPERIMENTAL. 






A sample of 50’s crossbred wool was degreased in warm benzene and then 
washed thoroughly in many changes of distilled water. Portions of about 
0-05 g. were weighed out and subjected to various treatments recorded in 
Table I. Unless otherwise stated the duration of each test was 24 hours, the 
tubes being stoppered and left in a dark cupboard. After washing, the lock 
of wool was divided and tested for free —S.S— and —SH groups in the way 
recommended by Walker [1924, 1925] using 10 cc. of saturated ammonium 
sulphate as suspending fluid, and also for general damage by the Pauly 
reagent. It has been shown by Burgess [1928] and by Burgess and Rimington 
[1929] that undamaged wool remains uncoloured when immersed in the Pauly 
reagent, whereas fibres which have suffered mechanical or chemical injury 
are stained a brownish-red colour proportional to the extent of the injury. 

The results are given in Table I, one or more plus signs being used to 
indicate the intensity of a positive reaction. 

An examination of these results warrants the following statements. 

(1) Treatment to which free cystine responds readily has little effect upon 
the sulphur groups in wool. (Compare the effect of reducing agents.) 

(2) Considerable alteration of, or “‘damage”’ to, the fibre may take place, 
as indicated by the intensity of the Pauly stain, without any parallel increase 
occurring in the nitroprusside —S.S— or —SH reactions. If, as is generally 




















C. RIMINGTON 
Table I. 


Pauly 
Treatment Duration -§.s— —SH reaction Remarks 


Control — ~ - + — 
(tips only) 
Boiling water 20 mins. - + 
(patchy) 
45 ,, ++ Yellowish. Characteristic 
(patchy) smell appears 
1 hr. - +++ Brownish. Pauly stains 
most intense on dis- 
coloured portions 
+++ Pauly stain general 


No change in appearance 


” 3 hrs. + 
(faint) 

Absolute alcohol 24 L + — 
(tips only) 
Formalin 5 % ; + — 
Saturated H,S solution i 5 - me 
Ultra-violet radiation ++++ Pauly stain general 
ENZYMES: 
3-3 % trypsin (py 8-0) +++ Pauly stain general 
2-02 % pepsin (pq 1-2) - : 
0-1N NaOH alone 24 , ++ — 
BACTERIA: 
B. subtilis (saline) f - ++ Growth poor 


B. subtilis (broth) f + : Pauly stain general 


B. mesentericus ruber 
(saline) 


B. mesentericus ruber Pauly stain intense in 


(broth) places 
REDUCING AGENTS: 
Sodium sulphite 1% } ; + 


(tips) 
= 


9 


Sodium sulphite 4 % 3 + 
(tips) 
+ Pauly stain fairly general 
(tips) 
Sodium sulphite 1% in ee oe . ai 
0-1.N sodium hydroxide 


” 


” 


+++ ++++ Pauly stain strongest at 
tip 


Sodium hydrosulphite 1% 18 ‘ a : 
66 _ a Fibres have a_ white, 


(tips) bleached appearance 


” 


Sodium hydrosulphite4% 18 ; + 
? 66 + + eae 
(tips) 
Sodium hydrosulphite 1% 18 ; +++ : — 
in 0-1 N sodium hydroxide 
66 + + +++ +++ Fibres very yellow; stain 
ing patchy 
5 % suspension of calcium 18 ; ++ _ 
oxide in 1 % sodium 
sulphite 
9” = 66 ,, +++ + +4 ++++ Fibres have a soapy feel 
CYSTINE SOLUTION (0-3 % IN WATER PLUS SUFFICIENT HCl): 
10 cc. of solution used, to which the following reagents were added to produce solutions of 
the concentrations indicated. 
Sodium sulphite 1 % 18 hrs. : ++4 
a 4% ae os ; ++ ‘ _- 
Sodium hydrosulphite1% 18 ,, ; +++ . _ 
» 4% 18 ,, + ‘ -- 
5 % suspension of calcium 18 ,, Faint pink changing immediately to yellow 
oxide in 1 % sodium 
sulphite 
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supposed, the behaviour of the wool fibre towards the Pauly reagent is con- 
ditioned solely by the state of the epidermal scales, acting as an impenetrable 
sheath unless mechanically or chemically disrupted, then it would be expected 
that also in the case of the nitroprusside reaction, where damage was extensive, 
staining of the cortex would occur. That this is not so seems to show that 
the failure of the nitroprusside reaction can only be interpreted as indicating 
the absence of —S.S— and —SH groups. 

' (3) With the exception of exposure to ultra-violet radiation, only one 
treatment can be recorded—the action of alkaline solutions—which has been 
found to have any marked effect upon the sulphur groups of wool. Ultra- 
violet radiation causes the appearance of —S.S— groups only, whereas after 
immersion in alkalis the fibre shows positive reactions for both —S.S— and 
—SH. 

DIscussION. 

Whilst so little is known concerning the structure of proteins, it is im- 
possible to offer a precise explanation of the results recorded in this paper. 
The keratins, especially, are a group which exhibit many characteristics not 
met with in typical proteins. The stability and chemical inertness typical of 
their class have for various reasons been ascribed to the high proportion of 
sulphur which they contain. The present results show that the sulphur 
groupings are much less reactive than might have been expected when the 
lability is recalled of such compounds as cystine peptides and anhydrides. 

It would appear that in wool the cystine molecules are bound in some 
manner involving the sulphur groups and thereby depriving them of reactive 
freedom. Undenatured egg-albumin presents a somewhat similar case, giving 
no nitroprusside reaction; on denaturation, however, by whatever means this 
is accomplished, a strong —SH reaction develops [ Harris, 1923]. Blood-serum, 
normally non-reactive, develops —S.S— groups on denaturation. 

Further work is in progress directed towards the elucidation of the sulphur 
linkage in wool. 

SUMMARY. 

1. The action of a variety of reagents upon wool has been studied and the 
conclusion drawn that the sulphur groups of wool are less simple than those 
of free cystine. 

2. Free —S.S— or —SH groups are not present in undamaged wool and 
can only be induced by the action of alkalis or of ultra-violet radiation. 


The author wishes to thank Mr A. T. King of this Association for his 


interest in these studies. 
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XXVIII. A QUANTITATIVE STUDY OF SUCCINIC 
ACID IN MUSCLE. 


III. GLUTAMIC AND ASPARTIC ACIDS AS 
PRECURSORS. 


By DOROTHY MOYLE NEEDHAM. 


From the Biochemical Laboratory, Cambridge. 
(Received December 30th, 1929.) 


INTRODUCTION. 


THat formation of succinic. malic and fumaric acids takes place in minced 
muscle from some unknown precursor has been shown in a previous paper 
[Needham, 1927]. It was also shown that increased formation of these acids 
followed under anaerobic conditions upon addition of glutamic and aspartic 
acids to the mass [Moyle, 1924]. In the present work the action of muscle 
tissue on these two amino-acids and their possible réle as precursors of 


succinic acid in the muscle have been investigated. 

The production of one molecule of succinic acid from one molecule of 
aspartic or glutamic acid must involve the removal of nitrogen in some form. 
It very soon became clear that this form is not ammonia, and further experi- 
ments failed to show any increase in urea, uric acid or amide-nitrogen in the 
muscle samples during the increased production of succinic acid. Indeed, the 
amino-nitrogen content of these samples estimated by Van Slyke’s method 
was found to be simply the sum of the amino-nitrogen content of the controls 
plus the amino-nitrogen of the added glutamic or aspartic acid. If one assumes 
that the same reactions are taking place in oxygen as under anaerobic con- 
ditions, but to a greater extent owing to removal of oxidisable reaction 
products, it might be expected that in oxygen it would be easier to detect 
some accumulation of nitrogenous non-oxidisable end-products. Estimations 
of the oxygen uptake in a Barcroft apparatus showed that, with added 
glutamic or aspartic acid, the increased oxygen uptake was sufficient to 
account for complete oxidation to carbon dioxide, water and ammonia of 
from one-half to the whole of the added amino-acid. Nevertheless, no change 
in the soluble nitrogen fractions could be found, with the exception of a very 
slight setting free of ammonia. Two possible explanations of these unexpected 
results were next considered. 

In the first place, the increased oxygen uptake consequent upon adding 
these two amino-acids occurs (in the case of pigeon muscle) to any extent 
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only. with unwashed muscle, which shows a very high respiration of its own. 
Washing the muscle with distilled water reduces the oxygen uptake of the 
control to about one-tenth of the original value, but it reduces still more 
the excess oxygen uptake in the samples containing amino-acid. The possi- 
bility therefore arises that the glutamic and aspartic acids are acting simply 
as stimulants, bringing about increased oxidation of other substances. These 
two amino-acids themselves have no specific dynamic action in the body, 
but’ it was thought that, if small amounts of glycine or alanine were formed 
from them, these might stimulate an increase in carbohydrate metabolism in 
the muscle; or possibly that traces of ammonia split off by increasing cell 
permeability might bring about an increase in oxidation. Quantitative ex- 
periments, however, lent no support to this view, all the other amino-acids 
tried, and ammonium salts in different concentrations, having no stimulatory, 
but rather an inhibitory effect on muscle respiration. It is also difficult to 
suppose that the succinic acid production following addition of these acids 
is stimulated from some other source. Further, by direct estimation of the 
free aspartic acid it was possible to show that the amount present had under- 
gone diminution, although the amino-nitrogen of the sample remained 
constant. 

In the second place, it is possible that the amino-group of the glutamic or 
aspartic acid may combine with some carbon chain in the muscle, succinic 
acid and a new a-amino-acid thus being formed. This possibility is further 


considered later. 


FORMATION OF SUCCINIC, MALIC AND FUMARIC ACIDS FROM 
GLUTAMIC AND ASPARTIC ACIDS. 


The muscle was always used as rapidly as possible after the death of the 
animal. In the case of beef, muscle removed from the neck of the bullock 
immediately after slaughtering was brought at once to the laboratory in a 
cooled pan; a long cylindrical muscle could then be dissected out with little 
injury, and this, after cooling to about 5°, was minced. The pigeons were 
killed by bleeding, and were then placed breast downwards on ice for some 
minutes before dissecting off the breast muscles. The muscles were placed in 
beakers surrounded by ice for about 15 minutes and minced when their 
temperature had fallen to about 5°. The frog muscles were dissected off and 
cooled before mincing. 

The minced muscle was weighed out into equal samples (20-50 g. being 
used for each), and each sample was suspended in 2 volumes of 1-4 % 
Na, HPO, , 2H,O, in a Biichner flask. To certain of the flasks the aspartic or 
glutamic acid, or a mixture of the two, was then added (the amino-acids 
having been neutralised with sodium hydroxide); an equal volume of water 
was added to the controls. The flasks were closed with rubber stoppers, and 
were all evacuated for several minutes; hydrogen was then introduced. The 
evacuation and filling with hydrogen was repeated twice more. When beef or 
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pigeon muscle was used, the flasks were kept about 2-3} hours at 37°; when 
frog muscle was used, they were kept at room temperature for about 26 hours. 
In many of the experiments the vessels, instruments, etc. were all sterilised 
by autoclaving; it made no difference to the results whether this precaution 


was taken or not. 


The results are set out in Table I. 


No. of 
exp. Material 
Sl Beef 
S2_ Beef 
S3 Beef 
84. Beef 
S5 Beef 


S6 Pigeon 


S7 Pigec on 
(see N 1) 


S8 Pigeon 
(see N 8) 
S9 Pigeon 


$10 Washed 
(see N3) pigeon 
S11 Washed 
pigeon 


$12 Pigeon + 
toluene 


$13 Frog 


S14 Washed 
frog 


Exps. 81, 82, 83, 84 
succinic acid only. In the 
malic and fumaric) were 


Acid added g. per 
100 g. muscle 
0-4 HA+0-4 HG 
Control 
1:3 HG 


1:3 HA 
Control 
0-6 HG +0-6 HA 


Control 


0-47 HG +0-6 HA 
1-4 HG 
Control 

0-7 HA+0-7 HG 
Control 

1-0 HG +1-0 HA 
Control 
2HG | 

1 HG+0-88 HA 


Control 
132HA _ 
0-75 HG +0-66 HA 
0-5 HG+0-5 HA 
1-0 HG 
1LOHA 
0-5 HG+0-5 HA 
Control 
0-5 HG+0-5 HA 


1-0 HA 
1:0 HG 

0-5 HG+0-5 HA 
1-0 HG 
10HA 
Control 

0-5 HG +0-5 HA 
1-0 HG 
1-0 HA 
Control 


Succinic 


acid 
mg. 
per 


100 g. 


83-4 
15-6 
52-8 
45'6 
43-0 
24-0 
146 
130 
134 
26 
23 
54-4 
43-2 
17-4 


243 
28-2 


and 86 were carried out by the earlier method for 
other experiments the three acids together (succinic, 
obtained as silver salts; the silver was estimated, 





Total 


acids 


as mg. 
succinic 


acid 
per 


100 g. 


85-2 


146-0 


(too low) 


47-9 
136-9 


228-2 
289-0 


114-6 
157-0 
113-2 
6-0 
188 


256-5 
109-0 
181 
95-5 
151-0 
28-5 
755 
47-0 
35-4 
38-5 


Table I. 


Malic 


acid 
mg. 
per 


100 g. 


46 


24 
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Extra 


acid 


formed 


mg. 
per 

100 g. 
67-8 


28-8 
21-6 
19-0 


37°3 
98-1 


(too low) 


890 
170-3 
241-1 
66-7 
109-1 
107-2 


182-0 


Naa 
to Site 
acon 


_ 


ee 


Cen 
ao 


nN 
—_— Co 
Aaaeo 





Extra 


acids 


205-7 
520 
99-0 


1446 
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and the result is expressed in the fifth column as succinic acid. The malic 
acid was also estimated separately in some cases. It is to be supposed that 
this malic acid has been formed, under the influence of fumarase, by hydration 
of fumaric acid, and that it is in equilibrium with the latter; as the equilibrium 
mixture consists-of about 70 °% malic and 30 % fumaric acid, about one and 
a half times the succinic acid equivalent of the malic acid figures must be 
subtracted from the total acid figures to obtain the true succinic acid values. 
The control value of Exp. 87 is used also for 88 and S89 in calculating the 
extra acid formed; the control value of $10 is used also for $11. 

In all the experiments it appears very definitely that the addition of 
glutamic and aspartic acids together to the same muscle sample has a greater 
effect in increasing the succinic acid production than addition of an equivalent 
amount of either acid alone. The reason for this is not clear. Possibly two 
enzyme systems are concerned, one with glutamic acid and the other with 
aspartic acid breakdown; the fact that with washed frog’s muscle aspartic 
acid is quite inactive, while glutamic acid gives rise to a marked succinic 
acid production and oxygen uptake, also suggests two separate systems. If 
each system is saturated when only 0-5 g. of the amino-acid is added to 100 g. 
muscle, then adding 1 g. would have no greater effect, and one would expect 
to obtain, by adding 0-5 g. of each to the same sample, the sum of the results 
obtained by adding 0-5 g. of each to two different samples. Actually, rather 
more than the sum is obtained; the simple hypothesis breaks down par- 
ticularly, however, in the case of the washed frog’s muscle, where, while 
aspartic acid alone is quite untouched, aspartic and glutamic acids together 
not only give a greater yield of total acids than does glutamic alone, but give 
a high percentage of malic acid. The figures obtained are not numerous 
enough for a detailed analysis of the results of adding the acids separately 
and together, or for the explicit formulation of any theory of multiple enzyme 
systems. 

The highest yield of succinic acid obtained from the mixed amino-acids 
corresponds to about 37% of the added amino-acids; with glutamic acid 
alone it corresponds to about 11%, and with aspartic acid alone to about 
15 %. When the malic acid is estimated, it is found to appear only after 
addition of aspartic acid or of aspartic and glutamic acids together; with 
glutamic acid alone no malic acid production could be found. Quastel and 
Woolf [1926], working with B. coli, showed that aspartic acid gives rise to 
ammonia and fumaric acid. In absence of growth inhibitors such as toluene, 
the fumaric acid is reduced to succinic; but the presence of toluene inhibits 
this reduction. It was now similarly found with muscle (see Exp. $12) that 
in presence of toluene, aspartic acid gave rise to a much higher percentage of 
malic acid—about 54% instead of 20%. The experiment was performed 
exactly as usual, except that to the buffer solutions 10% by volume of 
toluene was added. Succinic acid only was obtained by adding glutamic acid 
in this experiment as in the others. It seems, then, that in the muscle succinic 
14—2 
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acid is formed directly from glutamic acid, while in the case of aspartic acid, 
fumaric and malic acids first appear, and are then reduced by reducing sub- 
stances in the muscle to succinic acid. 

In Exps. 810, S11 and $14, the muscle was washed (by shaking gently 
for 20 minutes in 10 volumes of ice-cold distilled water), and then strained 
through muslin. (The results given are per 100 g. of muscle before washing; 
the weight sometimes differed slightly after the process.) In the case of the 
pigeon, washing did not very greatly inhibit the production of succinic, malic 
and fumaric acids from glutamic and aspartic, although the muscle alone 
showed practically no production; with the frog, production from the muscle 
alone seemed to be unaffected, and some increased production took place 
from added glutamic, and from the two amino-acids together, but not from 
aspartic acid. 


Table II. 
Total acids as mg. Malic acid 
No. of Acid added g. per succinic acid per mg. per 
exp. Material 100 g. muscle 100 g. 100 g. 
Ol Pigeon 2 HA+2 HG 49-6 36 
Control 10-8 2 
02 Pigeon 2HA+2 HG 27-2 12 
Control 9-28 = 
03 Pigeon 5 HS 3-070 2-700 
5 HF 3-070 2-800 
3 HG+3 HA 350 370 
04 Pigeon 5 HS 3840 3400 
(washed) 5 HF 3840 3600 
5 acetic acid 30 


A few experiments were also carried out on the progress of events in 
oxygen (Table II). Here small but definite amounts of the total acids were 
obtained; in the case of the controls these seemed to consist almost entirely 
of succinic, but in the samples to which glutamic and aspartic acids had been 
added, they consisted partly or wholly of malic and fumaric acids. In 
Exp. 01 the muscle was suspended in 4 volumes of 1°% NaCl at 35° for 6 hours; 
oxygen was bubbled through the bottles, which were shaken at intervals. 
In Exp. 02 the conditions were the same except that the bottles were filled 
with oxygen and shaken on a shaking machine; at the end of the experiment 
the muscle appeared brown and coagulated, perhaps owing to too violent 
shaking. In Exp. 03 the muscle was suspended in 5 volumes of 1-4 % phos- 
phate, the bottles were filled with oxygen and shaken very gently in a 
Barcroft-bath. In order to compare what happened in similar circumstances 
with succinic and fumaric acids, these acids also were added to certain 
samples. With the unwashed muscle it is seen that, in both cases, about 
60 % of the original amount added is recovered. As the method gives results 
85 % of the theoretical, this means that 70 % remains after the oxidation 
time and about 30 % has been oxidised away. This 70 % consists entirely of 
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malic and fumaric acids. With the washed muscle, 77 % (corrected, 90 %) is 
recovered, and this also consists entirely of malic and fumaric acids. 

The free acid was in several cases prepared from the silver salts, as 
described in an earlier paper [Moyle, 1924]. The acid obtained, after addition 
of glutamic and aspartic acids, gave a sharp melting-point at 180-181°, 
when the method including permanganate oxidation was used. When the 
method giving the total silver salts was used, the acid prepared from these 
showed partial melting at 180°, which was not complete until 200°. Its 
behaviour resembled that of a mixture of succinic and fumaric acids. A 
sample of these “total acids” was tested for succinic acid in the following 
way. It was treated with five times its weight of p-toluidine, and heated 
for half-an-hour at 220°. The resulting mixture was treated with 50 % 
alcohol, and the crystalline precipitate of succinotoluidide was filtered off and 
washed. It was recrystallised from boiling alcohol, washed and dried at 100°; 
M.P. 258°. 


THE FATE OF THE AMINO-GROUP. 


The attempts to find changes in the soluble nitrogen fractions during the 
production of succinic, malic and fumaric acids from glutamic and aspartic 
acids are summarised in Table III. 








Table ITT. 
Am- Uric 
monia-N Urea-N acid Amide-N 
Acid added g. mg. per mg. per mg. per mg. per 
Material per 100 g. 100 g. 100 g. 100 g. 100 g. 
Pigeon i-0 HG+0-88 HA 14-5 0 
(anaerobic) Control 13-0 0 
Pigeon 1-0 HG+1-0 HA 16-5 0 2-75 
(anaerobic) Control 16-5 0 2-12 
Washed pigeon 1-:0HG+1-0HA 0-2 0 — 12 
(anaerobic) Control 0-2 “2 -= ll 
Pigeon 1-2 HG +15-2 mg. 26-1 es = - ° 85 % added NH, 


ammonia-N 
Control 13-2 


(anaerobic) 


Pigeon 0-6 HG+0-5 HA+13-7 21-8 
(anaerobic) mg. ammonia-N 
: Control 11-5 
Pigeon 0-66 HG +0-66 HA 20-6 
(oxygenated) Control 14-7 


recovered; none 
formed from HG 
75 % added NH, 
recovered; none 
formed from HG 
and HA 
6 mg. per 100g. 
NH,-N formed 


The ammonia and urea were estimated in the first experiments (N1, N2 
and N3) by Folin and Wu’s [1919] method; in the later experiments (N 4, 
N5 and N6) the ammonia was estimated by a modification of Stanford’s 


method [1923]. The entire sample (about 2-5 g.) in 2 


vols. of phosphate 


solution was washed into the distilling flask; saturated borate solution was 
used instead of soda. The vacuum distillation was carried out at 45° and 
15 mm. pressure; for 5 minutes the apparatus was shut off from the pump, 
then for 5 minutes connected with it. For 10 minutes a very slow stream of 
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ammonia-free air was drawn through. Under these conditions, with the 
original volume of liquid in the flask about 30 cc., 80% of the ammonia 
present could be estimated. This yield is low but quite constant, and the 
method has the advantage of working at a comparatively low temperature. 

When an extract of the muscle was used, in order to make sure of ex- 
tracting the ammonium salts without driving off any ammonia, the samples 
were either (1) treated with alcohol containing enough HCl to bring the 
final p,, to about 6-0, the alcohol being afterwards removed; or (2) treated 
with dilute HCl to bring to py, 6-0-6-5, and coagulated by plunging the 
vessels into a boiling water-bath. This technique was only used if the samples 
were small, and therefore could be almost instantaneously coagulated by heat. 

Uric acid was estimated by Benedict and Franke’s method [1922], using 
the slightly acid (p,; 6-0) aqueous extract. This was neutralised and evaporated 
and traces of protein were filtered off. 

For the amide estimations the samples after incubation were washed into 
round-bottomed flasks and rapidly coagulated in a boiling water-bath. HCl 
was added to make the concentration 5 % by volume, and the contents of 
the flasks were hydrolysed for 2 hours, under reflux condensers. At the end 
of this time they were partly neutralised with Na,CO,. The ammonia present 
was estimated by Folin and Wu’s method, and the amide-nitrogen found by 
subtracting the ammonia present before hydrolysis. 


Table IV. Average 
values 
mg. per 

Van 100 g. for 
Slyke-N  amino-N 
No. of mg. per of muscle 
exp. Material Acids added g. per 100 g. 100 g. alone 
N7 Pigeon 0-44 HG +0-44 HA (amino-N 88-8 mg.) 143 52-7 
(anaerobic) Control 145 
(oxygenated) 0-44 HG +0-44 HA (amino-N 88-8 mg.) 139 
Control 138 
N8 Washed pigeon 0-54 HG +0-54 HA (amino-N 108-5 mg.) 133-6 15 
(see S11) (anaerobic) Control / 116-4 
(aerobic) 0-54 HG +0-54 HA (amino-N 108-5 mg.) 117 
Control 128 
N9 Washed pigeon 0-48 HG +0-48 HA (amino-N 96 mg.) 114-4 18 
(oxygenated) Control 113-0 
N10 Washed pigeon 0-5 HG+0-5 HA (amino-N 100-5 mg.) 94 13-5 
(see B2) (aerobic) Control 122 
HA 1 g. (amino-N 105 mg.) 129-8 
Control 118-0 
Nil Pigeon 1 g. HA (amino-N 105 mg.) 175-8 69-3 
(see A3 (aerobic) Control 172-8 
and B19) 
N12 Pigeon 1 g. HA (amino-N 105 mg.) 179-8 67-9 
(oxygenated) Control 166-0 


For the estimations of free amino-nitrogen a modification of Parnas and 
Wagner’s procedure [1914] was used. The samples were first coagulated in a 
boiling water-bath; they were cooled in ice, and HCl was added to make the 
concentration 0-25 % (by volume). The flasks stood at 0° overnight; next 
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day the muscle was strained off, ground with more 0-25 % acid, and strained 
again. The grinding and straining was repeated once more; the filtrate was 
filtered through paper, neutralised and evaporated. It was centrifuged, and 
the clear centrifugate was made up to a known volume, of which parts were 
used for estimations in the Van Slyke apparatus. In some cases, any soluble 
protein was removed by adding trichloroacetic acid to a concentration of 
4 %, before centrifuging. This treatment did not seem to affect the results. 

‘In all the experiments in which nitrogenous fractions were to be estimated, 
the py of the buffer solution in which the muscle samples were suspended 
was 7-0-7-4; 1-4 9% Na,HPO,, 2H,O was taken and brought to the required py 
by adding phosphoric acid. For the anaerobic and some of the aerobic 
experiments, 2 volumes of buffer solution were used; for the later aerobic 
experiments (N9, N12), 5 volumes were used. In all the aerobic experiments 
the vessels used contained a large volume of air or oxygen, which was renewed 
at intervals, and the vessels were shaken gently. The experiments lasted 
from 34 to 5 hours at 37°. 

Exp. N1 was performed on the same material as 87; N3 on the same 
material as $10, and N8 on the same material as S11. For Exp. N10 the 
material from the Barcroft cups of B2 was used, and for Exp. N11 the 
material from B19. 

No increase in ammonia could be shown under anaerobic conditions, in 
washed or unwashed muscle. The value obtained, about 14 mg. per 100 g., 
agrees satisfactorily with the maximum found for pigeon muscle by Parnas 
and Mozolowski [1927]. Control experiments showed that small amounts of 
ammonia, such as those equivalent to the amounts of extra succinic acid 
formed in the samples, added (as (NH,),S0O,) to muscle could be quantitatively 
recovered. It was thought possible that, in presence of excess of glutamic and 
aspartic acids, there might be combination between ammonia and these acids, 
whether as amide or in some other form. The ammonium salt was therefore 
added in presence of the glutamic and aspartic acid, but in these circumstances 
also could be quantitatively recovered. 

In oxygen a small liberation of ammonia took place; it amounted only 
to about 5 % of that contained in the added amino-acids. 

No increase in urea, uric acid or amide-nitrogen was found. 

In the Van Slyke experiments, the same amounts of glutamic and aspartic 
acids were added to the control samples immediately before the flasks were 
washed out into the coagulation vessel. In some cases, the amino-nitrogen 
was estimated on the muscle which had been in the Barcroft apparatus, and 
of which the actual oxygen uptake was known. No significant difference 
could be found between the results from the samples incubated with the 
amino-acids (either with or without oxygen for several hours), and those to 
which the amino-acids were added at the last moment. Control experiments 
showed that these two amino-acids are quantitatively extracted and esti- 
mated by this method, and the values obtained (by subtraction) for the 
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amino-nitrogen of the muscle alone closely resemble those found by Van 
Slyke [1913-14] for dog muscle and by Parnas and Wagner [1914] and 
Meyerhof [1924] for frog muscle. 









OXYGEN UPTAKE ON ADDING GLUTAMIC AND ASPARTIC ACIDS. 





The measurements of oxygen uptake were made with Barcroft differential 
manometers and the results are given in Table V. The oxygen uptake of the 
muscle alone was measured by placing in one cup 1-5 cc. buffer solution and 
1-5 cc. water; in the other, 1-5 cc. buffer solution, 0-5 g. of muscle and 1 ce. 
of water. To find the increased uptake due to addition of the amino-acids, 
1-5 cc. of buffer solution and 0-5 g. of muscle were placed on each side, with 
1 cc. of water on one side and 1 cc. of the amino-acid solution (neutralised 
with NaOH) on the other. The muscle was added to the solutions at 
the last moment before the cups were attached; the apparatus was shaken in 
the bath for 15 minutes with the taps open. The taps were then closed, and 
readings were made at intervals. In the earlier experiments, 10 drops of 
40 % potassium hydroxide were placed in the central cup for absorbing 
carbon dioxide; in later experiments, on the advice of Dr M. Dixon, a roll of 
filter paper soaked in 5 % KOH was placed instead in the cup, and projected 
from it. The bath was kept at 37° for the pigeon muscle, and at 20° for frog 
muscle. The oxygen uptake of the pigeon muscle alone fell off rapidly after 
about 33 hours; by the time an almost steady state was reached the oxygen 
taken up usually amounted to about 1800 mm.° for 0-5 g. muscle, although 
with some samples it was as high as 2400, and with others as low as 500, 
for no obvious reason. The increased uptake found in the presence of glutamic 
and aspartic acids usually varied with the respiratory activity of the muscle 
alone, being greater if the control respiration was high and lower if the control 
respiration was feeble. The calculated oxygen required for oxidation of 5 mg. 
glutamic acid to ammonia, carbon dioxide and water is 3330 mm.?; for 5 mg. 
of aspartic acid it is 2220 mm.°; for half quantities of each, 2775 mm.? When 
5 mg. of the amino-acid was added, the increased oxygen uptake during the 
time of the experiment usually amounted to about 1500 mm.3, two-thirds to 
one-half of the calculated maximum. The extra uptake usually began very 
slowly, and after about 1 hour increased rapidly, to fall off again in another 
2 hours. When the experiment was stopped, the uptake usually con- 
tinued, but at a very slow rate. When 10 mg. of acid was added, about the 
same oxygen uptake occurred in the time, but from the shape of the curve 
was obviously quite incomplete. When 1 mg. was added, oxygen uptake 
practically came to a standstill by the end of the experiment. Here there was 
usually enough oxygen absorbed to account for complete oxidation, and 
sometimes even larger quantities were absorbed (see Figs. 1 and 2). These 
last experiments may not be very reliable; the oxygen uptake of the muscle 
alone is so much greater than the increase caused by addition, that small 
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Tissue 
Washed pigeon 


(10 vols. 20 min.) 


Washed pigeon 


(10 vols. 14 min.) 


Pigeon 
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Pigeon 
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Pigeon 


Pigeon 


Washed pigeon 


(10 vols. 20 min.) 


Pigeon 


Frog washed 


(10 vols. 20 min.) 


Frog washed 
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Pigeon washed 


(10 vols. 20 min.) 


Pigeon washed 


(10 vols. 20 min.) 


Frog washed* 


Pigeon washed* 


Pigeon 


Frog 


Pigeon 


Table V. 


Acids added 
mg. 
2-5 HG; 2-5 HA 
5 HG 
5 HA 


Control 
5 HA 
1HA 
Control 
5 HG 
Control 
5 HA 
1HA 
Control 
10 HG 
5 HG 
1HG 
Control 
1HA 
1HG 
Control 
5 HA 
5 HG 
Control 
0-5 HG+0-5 HA 
Control 
5 HA 
5 HG : 
2-5 HG+2-5 HA 
Control 
3 HG 
2HG 
1HG 
Control 
5 HG 
5 HA : 
2-5 HG +2-5 HA 
Control 
5 HG 
5 HA ; 
2-5 HG+2-5 HA 
Control 
5 HG 
5 HA 
Control 
+5 HG 
+5HA 
Control 
5 HG 
5 HA 
Control 
1HG 
0-5 HG 
Control 
5 HA 
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Total amount 
of extra 
O, uptake 


mm.? 


68-2 
13-1 
9-5 


272-5 


114-4 
286-0 


1478 
1418 


1743 
1673 
709 
747 
452 
49-1 
35-2 
636-0 
0 
194 
127-5 
246 
182-8 
147-5 


32-9 
0 


24-7 
0 


1917 

1626 
245-2 
110-1 


1399 


Control 
O, uptake 


mm.? 










1905 


861 


2376 


561 


194 


1848 


30-6 


oO 
~I 


414 


146-0 


59-2 


2495 


180-5 










Duration 
hrs. 
4} 





193 


43 


* Six times with 10 volumes of phosphate solution (48 g. Na,HPO,, 2H,0 +54 g. KH,PO, 
per litre) [see Hahn and Haarmann, 1928]. 
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—@——@——_ Uptake of control. 

——_Oo——-O——_ Extra uptake with 5 mg. glutamic acid. 

—®—® Extra uptake with 10 mg. glutamic acid. 
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Fig. 2. 


-@——@——_ Uptake of control. 


—O——O—— Extra uptake with 5 mg. succinic acid; 5 mg. more added at |. 
——®— @®—— Extra uptake with 5 mg. glutamic acid; 5 mg. more added at |. 
—@©——_© Extra uptake with 5 mg. aspartic acid. Exp. B 10. 





—~-—-—@---@--- Uptake of control. 
—--@---@---— Extra uptake with 0-5 mg. aspartic acid+0-5 mg. glutamic acid. 
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variations in the amount of muscle tissue in the different cups, or small 
variations in the degree of chopping, might have large effects. 

Attempts to reduce the control respiration without too much diminishing 
the effect of adding the amino-acids were unsuccessful in the case of the 
pigeon; the oxidation of the added amino-acid was usually reduced to a 
greater extent than the control respiration, and in some experiments was almost 
absent. Addition of the two amino-acids together seemed to have no greater 
effect than addition of either alone with the washed or unwashed muscle. 
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Fig. 3. 
I. Uptake of control. 
II. Extra uptake with 1 mg. glutamic acid added. 
III. Extra uptake with 2 mg. glutamic acid added. 
IV. Extra uptake with 3 mg. glutamic acid added. 

Frog muscle (as was suggested to me by Dr D. C. Harrison) proved much 
more satisfactory material for a study of the oxygen uptake. By washing 
once with 10 volumes of distilled water the control respiration falls to about 
40 mm.’ for 0-5 g. at 20° for 7 hours, while the increased uptake due to the 
added amino-acid is five or six times this amount. With washed frog muscle, 
aspartic acid had no effect. The rate of oxygen uptake varied according to 
the concentration of added glutamic acid, but the relative absorption was 
greatest with the smallest amounts (see Fig. 3). The highest was 3 atoms of 
oxygen per molecule when 1 mg. of glutamic acid was added. 


OXYGEN UPTAKE WITH OTHER AMINO-ACIDS AND AMMONIUM SALTS. 


In Table VI are given the results of adding some other amino-acids and 
also ammonium chloride to unwashed pigeon muscle. With 1-75 mg. ammonium 
chloride, nearly 30 % inhibition of the muscle’s own respiration was found; 
with a tenth of this amount only slight inhibition took place. In these two 
experiments an equivalent amount of sodium chloride was placed in the 
opposite Barcroft cup. Glycine, alanine, valine, leucine and tyrosine all 
showed inhibitory action, sometimes to a very marked degree (see Fig. 4). 
Glutamic and aspartic acids thus seem to occupy a very special position with 


regard to muscle. 
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Table VI. 





Oxygen Inhibition Duration 























No. Material Substances added uptake i hrs. 
B20 Pigeon NH,(Cl (1-75 mg.) 1760 27 5 
Control 2274 
B21 Pigeon NH,(Cl (0-18 mg.) 817 5 + 
Control 861 
B22 Pigeon 1 mg. glycine 1381 12 4 
(see B8) Control 1570 
B23 Pigeon 5 mg. alanine 1433 33 , 34 
1 mg. alanine 1743 18 
Control 2125 
B24 Pigeon 5 mg. leucine 890 35 53 
5 mg. valine 448 67 
Control 1378 
B25 Pigeon 5 mg. leucine 983 9 4} 
5 mg. valine 886 18 
Sat. sol. tyrosine 799 26 
Control 1080 
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Fig. 4. 
I. Uptake of control. 
II. Uptake after addition of 1 mg. alanine. 
III. Uptake after addition of 5 mg. alanine. 


DISAPPEARANCE OF ADDED ASPARTIC ACID. 


These experiments were carried out in order to ascertain whether, under 
conditions such that a marked increase in oxygen uptake would occur, the 
added aspartic acid showed any corresponding decrease in amount. 

I am indebted to Mr B. Woolf for the suggestion that the aspartic acid 
might be estimated by conversion into malic acid, as a method was available 
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for estimation of the latter in muscle. A large number of preliminary experi- 
ments showed that with NaNO, and acetic acid at room temperature or 
higher deamination was complete, but a large part of the equivalent malic 
acid had disappeared, presumably by oxidation. The best results were finally 
obtained in the following way. 10cc. of the neutral solution containing 
aspartic acid cooled to 0° were treated with 1 cc. 30 % NaNO, and 0-25 cc. 
50 % H,SO,. The mixture was kept at 0° over night, being shaken well at 
frequent intervals during the first hour. Deamination was then found to be 
practically complete, and 80 % of the calculated malic acid was found. 

The experiments were carried out in the following way. Five g. samples of 
minced muscle were suspended in 25 cc. of 1-4 °% phosphate in bottles of 
250 ce. capacity. One bottle (A) contained 50 mg. of aspartic acid. All were 
shaken very gently, in a horizontal position, at 37° for 44 hours. The bottles 
were opened for re-aeration every half hour. At the end of the time one 
bottle (C +) received 10 cc. solution containing 50 mg. aspartic acid, and 
10 cc. water was added to the third (C). Each sample was immediately 
washed into a boiling-tube, and coagulated in a boiling water-bath. The 
slightly acid extract was prepared, neutralised and concentrated as in the 
Van Slyke experiments. To the clear solution, measuring 10 cc., 1 ec. NaNO, 
and 0-25 ce. 50 % H,SO, were added at 0°, as described. The next day the 
excess of nitrous acid was removed by adding 0-3 g. of urea, and shaking till 
effervescence had subsided. The solutions were neutralised and made up to 
25cc. They were placed in covered flasks on a boiling water-bath; 5g. 
uranium acetate was added, and the flasks were heated for 20 minutes. The 
contents were cooled in the dark and filtered. The rotation was taken, using 
the green line of the mercury lamp. Control experiments with malic acid 
solutions containing phosphate and treated with uranium acetate in this way 


ve WO hia ° 
— [@]5s61 430". 
Experiment A 1. 
Change in o% 
Readings rotation recovered 
Zero 1-4° 
C 1-5 
C+ 0-37 1-13 O+ 
A 0-95 0-55 32 


These figures show that only about half the aspartic acid is present after 
the incubation. 

An attempt was made to get conditions on the large scale more resembling 
those in the Barcroft cups. Five g. samples of muscle in 25 cc. of solution 
were placed in litre Roux bottles, the flat surface of which was about 
220 sq. em., or ten times the area of the bottom of a Barcroft cup. A stout 
wire passed through the rubber stopper of each Roux bottle, holding in the 
centre of the bottle a porcelain boat. The boat contained filter paper soaked 
with 5 % KOH. In order to promote oxidation, the bottles were filled with 
oxygen before the experiment began, then they were all placed horizontally 
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in a bath at 37°, attached to an overhead bar, which moved gently backwards 
and forwards. The final solutions were made up to 15 cc. 


Experiment A 2. 


Change % 


/O 
Reading in rotation recovered 
Zero 3-24° 
C 3°30 
Cl+ 1-48 1-82° 63 
C2+ 1-60 1-7 61 
A 2-10 1-2 42 


Here about two-thirds of the aspartic acid remain. 

In a third experiment the procedure was exactly as just described, but 
the muscle was chopped with fine scissors as for the Barcroft experiments, 
instead of being minced. A sample was used for oxygen uptake estimation 
(see B19), and the contents of the Barcroft cups were used afterwards for 
Van Slyke estimations (see N11). The solutions were made up to 15-5 cc., 
and sodium light was used. [ey was found under these conditions to be 
— 350°. The solution is acid, and the value agrees with that (— 345°) found 
by Itzig [1901] for the compound Ur0,C,H,O;. Addition of alkali, as observed 
by Walden [1897], increases the rotation to a maximum; almost the same 
maximum (— 512°) was found by Walden for the compound Ur0,C,H;0;Na. 


Experiment A 3. 


Change % 


/o 
Reading in rotation recovered 
Zero 34° 
Cl+ 5:0 1-6° 71 
C2+ 4-9 1-5 66 
Al 4-4 1-0 44 
A2 4:3 0-9 40 


Here about three-sevenths of the aspartic acid has disappeared; the 
oxygen uptake observed in the time was 1399 mm.°, or almost two-thirds of 
the amount needed for complete oxidation; the amino-nitrogen was unchanged. 


Discussion. 

The results described in this paper make it seem very probable that, if 
free glutamic and aspartic acids are present in the muscle or are brought to 
it in the blood stream, then production of succinic, fumaric and malic acids 
must follow, and also an increase in oxygen uptake, probably due to oxidation 
of these three acids (although there is no evidence that all the glutamic or 
aspartic acid oxidised passes through the stage of a 4-carbon non-amino-acid). 
A comparison of the oxygen uptake curve obtained when glutamic or 
aspartic acid is added to unwashed pigeon muscle with that obtained when 
succinic acid is added, shows that the two curves are very similar (see Fig. 2). 
The chief differences are, firstly, that in the latter case the uptake persists 
rather longer, and practically the calculated total is absorbed; and secondly 
that, when the absorption has come to a standstill, it is possible, by adding 
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more succinic acid, to call forth another marked oxygen absorption, while 
addition of glutamic acid has no effect. This suggests that the mechanism 
responsible for the conversion of the amino-acid into succinic or fumaric acid 
gradually fails, and that under the conditions of the experiment it has failed 
before complete conversion has had time to take place. If we now consider 
the aerobic experiments on the large scale, we find, in the first place, that 
less aspartic acid disappeared (only one-half to one-third) than one would 
expect from the Barcroft experiments (one-half to two-thirds). Secondly, in 
Exp. 03, with added succinic acid, a large quantity of fumaric and malic 
acids appeared at the end of the experiment, while, from the same amount of 
glutamic and aspartic acids, only about one-ninth of the amount of fumaric 
and malic acids appeared. These facts might again be explained by the com- 
paratively early failure of the enzyme system producing succinic and fumaric 
from glutamic and aspartic acids; conditions on the large scale are probably 
less favourable than in the Barcroft cups. The succinic and fumaric acids formed 
during the early period of the experiment would gradually be oxidised further. 
One must not, however, lose sight of the possibility that, even under aerobic 
conditions, only about 25 % of the amino-acids passes through succinic acid, 
the rest following some other path of breakdown. 

As regards the possible occurrence of the amino-acids in question in the 
free state in muscle, Osborne and Hey] [1908] for chicken muscle and Osborne 
and Jones [1909] for ox muscle have shown that glutamic acid constitutes 
about 16 % of the protein and aspartic acid about 4%. Micko [1908] found 
free glutamic acid, alanine and taurine in meat extract, but figures for the 
free amino-acids of fresh muscle do not seem to be available. There is 0-07 % 
of amino-nitrogen present in the muscle, and this is probably largely contained 
in free amino-acids; for the nitrogen of creatine and methylguanidine is not 
estimated by Van Slyke’s method [Van Slyke, 1911], and there are only 
traces of carnosine present in pigeon muscle [Clifford, 1921]. The fact that 
washed frog muscle gives the same sort of yield of succinic acid as unwashed 
muscle, while formation of succinic acid does not take place in washed pigeon 
muscle (although it retains the power to act on added glutamic and aspartic 
acids), may be due to the greater acidity developed in a short time by the 
pigeon muscle. This might enable the content of amino-acids to be washed 
out of the pigeon muscle, while in the frog muscle they might not be extracted. 
The fact that, in the silver salts obtained from the muscle alone, malic acid 
was either absent or present only in traces, may point to the origin of the 
succinic acid from glutamic acid alone, unmixed with aspartic. 

It was shown by Thunberg [1920-21] that, if glutamic acid is added to 
washed frog muscle in presence of methylene blue, the methylene blue is 
reduced. Alanine alone of the other amino-acids used gave a similar but much 
slower decoloration. Thunberg postulated oxidative deamination. A little 
later, Abderhalden and Wertheimer [1921] found that addition of glutamic 
acid increases the oxygen uptake of red blood cells, muscle and kidney. The 
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other amino-acids tried had no effect; aspartic acid-was tested on the red 
cells, though not on muscle. Ahlgren [1924] showed that, although washed 
frog’s muscle does not activate aspartic acid, yet in the presence of unwashed 
muscle the reduction of methylene blue is accelerated by addition of aspartic 
acid. The appearance of an equilibrium point at partial reduction of methylene 
blue was reminiscent of the behaviour of malic or fumaric acid, and he was 
of opinion that hydrolytic deamination with formation of malic acid took 
place. Neither Thunberg nor Ahlgren investigated the question of ammonia 
formation. As we have seen, the results of the present work show that no 
simple deamination process occurs, either under aerobic or anaerobic con- 
ditions. This agrees with the experience of several workers who have found 
that sterile tissues or tissues with toluene have no power of producing am- 
monia from amino-acids. For example, Levene and Meyer [1913, 1, 2] were 
unable to find ammonia formation when aspartic acid, leucine, glycine or 
alanine was added to sterile leucocytes or kidney tissue. Luck [1924], using 
suspensions of various mixed tissues with toluene and hydrolysed gelatin or 
caseinogen as substrate, found no evidence for the formation of ammonia at 
the expense of free amino-nitrogen. That ammonia formation may take place 
in some cases on addition of amino-acids to sterile tissue has, on the other 
hand, been shown by Patey and Holmes [1929] for glycine in the presence 
of washed kidney. That in this case also there is not a straightforward oxidative 
deamination is shown by the fact that, although oxygen is necessary for the 
reaction, an oxygen absorption corresponding to the ammonia production 
could not be demonstrated. 

As a hypothesis which would not contradict the facts described in this 
paper we might consider the possibility of the linkage of the NH,-group of 
the glutamic acid with some reactive carbohydrate residue in the muscle; 
when oxidation and splitting off of the nitrogen with production of succinic 
acid occurs, the nitrogen is left in combination with this carbon chain, a new 
a-amino-acid thus being formed. 

It is well known that the oxidation of amino-acids in vitro may take 
different courses according to the presence or absence of carbohydrate sub- 
stances. Fearon and Montgomery [1924] have pointed this out for the oxida- 
tion of glycine with dilute permanganate; more cyanic acid is formed and less 
ammonia when formaldehyde or glucose is present, and Fearon suggests that 
this result is due to combination between the NH,-group of the glycine and 
the aldehyde radical. 

As regards the ammonia production by tissues, several workers have found 
carbohydrate or similar compounds to have an inhibitory effect upon this. 
Warburg, Posener and Negelein [1924], using rat carcinoma and retina, 
showed that both the anaerobic and the aerobic formation of ammonia were 
reduced to about one-tenth of their value by addition of glucose. Meyerhof, 
Lohmann and Meier [1925] found that the diaphragm muscle of starved rats 
produces ammonia in aerobic conditions, and this ammonia production is 
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greatly lessened by adding glucose, lactic acid or pyruvic acid. Watchorn and 
Holmes [1927] found less ammonia and urea formed during growth of tissue 
cultures when the medium contained glucose; and Patey and Holmes [1929], 
using washed kidney tissue, found that the aerobic (though not the anaerobic) 
ammonia production was much less in presence of glucose. The ammonia 
production from added glycine was not affected. If, in the case of glutamic 
and aspartic acids, in muscle, the presence of carbohydrate or its breakdown 
products prevents the appearance of free ammonia, then this prevention 
goes on anaerobically as well as in oxygen. This behaviour of certain carbon 
compounds in lessening ammonia formation is usually regarded as indicating 
“protein-sparing action”’; in the present case, where it is postulated that one 
amino-acid is formed from another, part of the latter being oxidised, it would 
more correctly be described as “nitrogen-sparing.”’ 

It has been suggested by Thunberg [1920-21] that succinic acid might arise 
by removal of hydrogen atoms from two acetic acid molecules, and conden- 
sation of the residues. If this were the case, succinic acid might play an 
important part in fat metabolism, and also, as Wieland [1922] has pointed 
out, in carbohydrate metabolism. Lactic acid may give rise to pyruvic acid, 
and the latter by decarboxylation and oxidation to acetic acid. Very recently 
it has been shown by Butkewitsch and Fedoroff [1929] that, in presence of 
the mould Mucor stolonifer, acetic acid may be converted, to the extent of 
15-30 %, into succinic and fumaric acids. 

It has never, however, been possible to show that acetic acid can give 
rise to succinic acid in muscle. With unwashed muscle, Clutterbuck [1927] 
failed to find any increase in malic acid following upon incubation with acetate 
in oxygen; and I have similarly failed to find any increase with washed muscle. 
This does not prove that the condensation does not take place; in unwashed 
muscle a sufficiency of acetic acid may always be present, so that addition of 
more has no effect, while with washed muscle some part of the enzyme system 
responsible may have been removed. 

Clutterbuck and Raper [1925, 1] have shown that y-oxidation of fatty 
acids may take place with hydrogen peroxide in vitro, and they suggest that 
succinic acid may be formed in this way in the body; their experiments, 
however, on injecting B-phenylhexoic acid, gave negative results, no pheny!- 
succinic acid appearing in the urine [1925, 2]. 

In conclusion, it may be said that, although formation of succinic acid 
from glutamic and subsequent oxidation of the succinic acid is probably a part 
of muscle metabolism, yet it is not suggested that this is the only origin of the 
succinic acid in the body, or that the only function of the “succinoxydone” 
is to oxidise an intermediate stage in the breakdown of these amino-acids. 
Under anaerobic conditions, succinic acid formation seems to be a self- 
hindered reaction; under aerobic conditions, the acid is oxidised away and 
its formation cannot be measured; it may therefore play some as yet un- 
detected part in carbohydrate and fat metabolism in vivo. 
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SUMMARY. 


1. It has been shown that glutamic and aspartic acids, when added to 
minced muscle under anaerobic conditions, give rise to an increased amount 
of succinic, fumaric, and malic acids. The maximum amount of extra acid 
obtained was about 37 % of the equivalent of the amino-acids when both 
were added together; about 15 % when aspartic acid alone was added; and 
about 11 % when glutamic acid alone was added. From the mixed amino- 
acids or from aspartic acid alone, malic and fumaric as well as succinic acid 
were formed; from glutamic acid only succinic. 

2. Ammonia was not produced during this formation of succinic, fumaric, 
and malic acids; nor could any increase of urea, uric acid, or amide-nitrogen 
be found. The amino-nitrogen (estimated by Van Slyke’s method) at the end 
of the experiments was equal to that of the controls plus that of the added 
amino-acid. 

3. An increased oxygen uptake was found when glutamic or aspartic acid 
was added to minced muscle. This uptake usually corresponded to one-half 
or two-thirds of the calculated amount for complete oxidation. The other 
amino-acids tried (glycine, alanine, valine, leucine and tyrosine) had an 
inhibitory effect on the muscle’s own respiration. 

4. Under aerobic conditions traces of malic and fumaric acids were found 
after addition of glutamic and aspartic acids. No change in the soluble 
nitrogen fractions was found. 

5. A method for estimation of aspartic acid was worked out, and by its ' 
aid it was found that after incubation with muscle in air or oxygen one-half 
to two-thirds of the aspartic acid had disappeared. 

6. It is suggested that possibly a combination of the amino-group with 
some reactive carbohydrate residue takes place; then when splitting and 
oxidation occur the amino-group is retained in the form of a new amino-acid. 


I am very grateful to Miss M. Stephenson and Dr J. Needham for advice 
in practical details and to Sir F. G. Hopkins for his continual interest and 


encouragement. 
Much of this work was done during the tenure of a Beit Memorial Fellow- 


ship. 
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